IOWA STATE COLLEGE

JOURNAL OF SCIENCE
Published on the first day of October, January, April, and July

EDITORIAL BOARD
EDITOR-JN-CHIEF. Joseph C. Gilman.
AssrsTANT EnrToR, H. E. Ingle.
CONSULTING EDITORS: R. E. Buchanan, C. J. Drake, I. E. Melhus, E. A.
Benbrook, P. Mabel Nelson, V. E. Nelson, C. H. Brown, Jay W.
Woodrow. From Sigma Xi: E. W. Lindstrom, D. L. Holl, C. H.
Werkman.

All manuscripts submitted ~~Quld be apdressed to J . C. Gilman, Botany
Hall, Iowa St_a.t~ !Go~e~e.: !f..~s. I!J"!a; • : • •
,
All remittances sfulolB :be ~tldr~~sed° to ~~.,"dQ~iiate Press, Inc., Collegiate Press Buildir\g, f\,m,.e9. lewa. • •

. . . . . . . .. . . . . .
~

•

I

•

•• •

•

•

•

CoP.~~s;''1.0ll ci;_c~~ V~.t~ ~~Il,:il0''. ~$2.QO}.•.A:U,.ual Subscrip0

Single
tion: ~3.ao;:in'Ca!'lada.$3.25~ Forei~. $S.!i0. ~

•• •• : •••
............
.... :· ·: .: .: .. : .....
·. ·... .. .
. ··= .. : ·.······
·· ~

.··

Entered as second-class matter January 16, 1935, at the postoffice at
Ames, Iowa, under the act of March 3, 1879.

THE USE OF ALFALFA EXTRACT TO SUPPLY NUTRIENTS FOR
THE GROWTH AND CHEMICAL ACTIVITIES OF
ACETOBACTER SUBOXYDANS1
E. I.

FULMER,

A.

c. BANTZ, AND L. A. UNDERKOFLER

From the Department of Chemistry and the Industrial Science
Research Institute, Iowa State College
Received January 24, 1944

One of the projects conducted under the Elastomer Program of the
Iowa State College is concerned with studies on the fermentative production of chemicals which might be employed as intermediates in the preparation of plastics, particularly those of the elastomer type. One such
chemical is acetylmethylcarbinol which has hitherto been available only
in very small amounts. It has recently been reported from these laboratories ( 4) that acetylmethylcarbinol may be produced in excellent yields.
by the action of Acetobacter suboxydans upon 2,3-butylene glycol. Yeast
extract was used to furnish nutrients for the organism in the laboratory
study of this fermentation.
Yeast extract has been employed in the numerous previous investigations reported from these and other laboratories on the use of A. suboxydans to convert polyhydric alcohols to the corresponding keto-compounds, such as the production of Z-adonose from adonitol (6), Z-sorbose
from sorbitol (2), dihydroxyacetone from glycerol (5, 11), Z-erythrulose
from erythritol (14), levulose from mannitol (3), perseulose from perseitol (9), and acetylmethylcarbinol from 2,3-butylene glycol (4). The
growth requirements of A. suboxydans have recently been ascertained
by Underkofler, Bantz, and Peterson (10) who found that for satisfactory
growth of the organism the medium must contain a suitable carbon
source, organic nitrogen, mineral salts, pantothenic acid, p-aminobenzoic
acid, and nicotinic acid.
Since, for large-scale operations, the use of the pure nutrient materials is out of the question, and yeast extract is also a relatively expensive
material, a cheaper source of nutrients for the organism is desirable.
Along this line Wells, Stubbs, Lockwood, and Roe (13) and Stubbs,
Lockwood, Roe, Tabenkin, and Ward (7) reported that corn steep liquor
served to supply adequate nutrients for the semi-commercial production
of Z-sorbose from sorbitol and for the production of 2-ketogluconic acid
from glucose by A. suboxydans.
A readily available material known to be a rich source of vitamins
and other growth-promoting substances is alfalfa. Workers in these
laboratories used alfalfa extracts as a source of "bios" in the early study
of the growth requirements of yeast. Subsequent work in many labora' This work was supported by a grant from the Industrial Science Research Institute of the Iowa Shte College for studies on the fermentative utilization of agricultural
products.
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tories has shown that "bios" is not a single substance. The earliest recognition of this fact was by Fulmer, Duecker, and Nelson (1) who demonstrated that more than one factor was involved in the stimulation of yeast
growth by alfalfa extracts. More recent work in many laboratories has
determined the stimulating effect of a number of pure chemical compounds, as well as some of still unknown constitution upon the growth
of yeast. This work has been surveyed by Williams (15). Other investigators who have reported the presence of growth substances in alfalfa
are Williams and Christensen (16) and Tatum, Peterson, and Fred (8) .
It seemed highly probable that alfalfa extracts might contain the necessary growth factors for A. suboxydans. The present paper deals with the
use of various extracts of alfalfa to support the growth of A. suboxydans
and to enable this organism to bring about the desired conversion of the
polyhydric alcohols to the keto-compounds.
EXPERIMENTAL
CULTURE AND MEDIA

The culture of Acetobacter suboxydans was originally obtained from
the American Type Culture Collection listed as No. 621. The stock cultures are carried on yeast extract-glycerol-agar slants. The stock culture
was transferred to a medium containing 5 per cent glycerol and 0.5 per
cent yeast extract (Difeo powdered product) and kept active by subculturing on fresh medium each 48 hours. The inoculum for all growth
studies was obtained from a 24-hour culture grown on 10 ml. of 5 per cent
glycerol-0.5 per cent yeast extract medium in a 50 ml. Erlenmeyer flask.
The culture was shaken, transferred aseptically to a sterile test tube
plugged with cotton, and centrifuged. The clear liquid was poured off
and the cells washed twice with 10 ml. of sterile 0.9 per cent saline solution by centrifugation, and finally suspended in 10 ml. of the sterile
saline solution. One drop (ca. 0.05 ml.) of this suspension was used for
inoculating 10 ml. of test medium in a 50 ml. Erlenmeyer flask. The basal
media for all growth studies contained 5 per cent glycerol.
The inoculum for all conversion studies was obtained from a 24-hour
culture grown on a medium having the same composition as that to be
inoculated. In all cases the organism had been subcultured twice on this
same medium. The inoculum consisted of 6 drops of culture per 10 ml.
of medium. All fermentations were run in duplica.te,_.and the values
reported are the averages for the duplicate determinations. All media
were adjusted to pH 6.0 ± 0.1, which is optimum for the growth of the
organism (10), and sterilized for 15 minutes at 15 lbs. steam pressure.
The incubation temperature was 28°C.
ANALYTICAL METHODS

Growth was determined quantitatively by measuring turbidity. The
10 ml. of culture was shaken, transferred to a test tube, and the bacterial
cells were uniformly suspended by means of a glass homogenizer. Tur-
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bidity was then measured by means of a KWSZ photometer, using a 650
mµ filter. The instrument was first adjusted to read 100 with the uninoculated medium in a photometer tube, the homogenized culture in a photometer tube was then placed in the instrument and the percentage of
transmitted light read directly. Thus, there is an inverse relation between
the photometer reading and the degree of turbidity (growth) of the
culture.
The course of the conversion of the polyhydric alcohols to the corresponding keto-compounds was followed by determinating the content
of reducing substances developed in the media, using a modified ShafferSomogyi method developed in these laboratories (12).
EFFECT OF VARIOUS AQUEOUS EXTRACTS OF ALF ALF A ON THE GROWTH OF

A. suboxydans
Each extract was prepared by mixing 10 g. of alfalfa with 200 ml.
of distilled water and then treating the mixture in one of several ways.
The various treatments consisted of heating the mixtures at 100°C. for
4 or 24 hours, or at 15 lbs. steam pressure for 15, 30, or 60 minutes. After
treatment was complete the mixtures were filtered and the filtrates placed
under toluene to prevent contamination by microbial growth. The volume of extract added to the medium in each case was equivalent to
adding 0.5 g. of the dried alfalfa meal per 100 ml. of medium. The treatments given the alfalfa-water mixtures and the results of the growth
experiments are given in Table 1. It is evident that growth factors were
extracted by the various treatments, but in no case did the growth of the
organism approach that obtained in the yeast extract control medium.
EFFECT OF VARIOUS ACID ExTRACTS OF ALFALFA ON THE GROWTH OF

A. suboxydans
The acid extracts were obtained by treating mixtures of 10 g. of
alfalfa and 200 ml. of 0.01 or 0.1 N hydrochloric acid by the same methods
employed for the aqueous extracts. The mixtures were again filtered
and the clear filtrates placed under toluene. The volume of extract added
to the medium in each case was equivalent to adding 0.5 g. of alfalfa
TABLE 1
EFFECT OF

v ARIOUS AQUEOUS EXTRACTS ON THE GROWTH OF A. suboxydans
Photometer Reading

Method of Treating Alfalfa
to Produce Extract

24 hrs.

48 hrs.

96 hrs.

hours at 100° C . .........................
hours at 100° C . .........................
min. at 15 lbs. steam pressure . ........•...
min. at 15 lbs. steam pressure . ............
min. at 15 lbs. steam pressure .... . ........
Yeast extract control. .......................

58 .4
56 .4
60.9
69.9
69.2
7.9

57 .3
47 . 9
50 .7
64 .5
61.8
6 .6

48 .0
41. 7
45.1
63 .2
60 .5
6.2

4
24
15
30
60
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meal per 100 ml. of medium. The methods of treatment and the results
of the growth experiments are given in Table 2. The data show quite
conclusively that the extracts obtained with the 0.01 N acid gave better
growth in all cases than with the water extracts or with the 0.1 N acid
extracts. The greatest growth was obtained with the extract prepared
by heating with 0.01 N acid for 24 hours at 100°C. The growth in this
case was superior to that obtained using an aqueous extract prepared
under the same conditions of heating. Growth was not as good as that
TABLE
EFFECT OF

2

vARIOUS ACIDIC ExTRACTS UPON THE GROWTH OF A. suboxydans
Photometer Reading

M e th0 d 0 fT reatmg Alfalfa
to Produce Extract

0.1 NHCI,
O.ot N HCI,

0.1 NHCI,
O.ot N HCI,

4 hrs. at 100° c ............ ....

.. .
" " " " " .............
24
. . . .. . . .... ...

" " " "
" " " " " ........ . .. . . ..
" " " " " ..... . . .. ......

0.1 NHCI, lS min. at lS lbs ... . ... ...... ..
O.ot N HCI,

Yeast extract control .. ............ .. . ... ....

24 hrs.

48 hrs.

. 96 hrs.

90 .8
92 .7
93.3
84 .6
66.8
60 .9
8 .0

88. 7
60 .1
90.0
42 .6
6S .4
S0 .7
7.0

90.0
48 .6
90.0
3S.3
6S.0
4S.1
6.3

obtained in the yeast extract control, but the actual amount of alfalfa
extract added contained appreciably less solids content than the 0.5 per
cent of yeast extract used in the control medium.
EFFECT OF VARIOUS BASIC EXTRACTS OF ALFALFA ON THE GROWTH OF

A. suboxydans
The basic extracts were prepared by treating mixtures of 10 g. of
alfalfa and 200 ml. of 0.01 N sodium hydroxide solution at 100° C. for 4
hours and for 24 hours. Table 3 gives the methods of treatment and the
results of the experiments. The basic extracts proved to be of little value
as the growth was less than that obtained with the best aqueous or acidic
extracts.
PREPARATION OF DRY ALFALFA EXTRACT

The solutions of alfalfa extract were prepared by the methods previously described. In the early experiments the clear filtrate from an
TABLE

3

EFFECT OF VARIOUS BASIC ExTRACTS UPON THE GROWTH OF

A. suboxydans

Photometer R eading
Method of Treating Alfalfa
to Produce Extract

24 hrs.

48 hrs.

96 hrs.

0.01 N NaOH, 4 hrs. at 100° C ............ . .
0.01 N NaOH, 24 " " "
" .. . .... . .. .. .

69.9
67 .9
8.7

67 .0
S8 .7
6 .9

60.9
SS .4
6 .7

Yeast extract control. ....... ...... . . ....... .
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extraction was subjected to distillation in vacuo. When the solution of
extract had reached the consistency of a thick syrup, distillation was
stopped and the syrup was placed in a vacuum desiccator over calcium
chloride. After 24 hours in the desiccator the syrup was treated with
95 per cent ethanol and again placed in the desiccator. The desiccator
was evacuated at intervals until a nearly dry material remained. This
material was then triturated with absolute ethanol, and again placed
in the desiccator which was evacuated periodically until the material
was dried. This last step was repeated until the extract had been completely dried. The dried material was then ground using a mortar and
pestle. The dried alfalfa extract was used for preparing media in the
same manner as powdered yeast extract. In later experiments the
vacuum distillation was omitted, and instead the solution of alfalfa extract
was evaporated on a steam bath. After a syrup was produced the syrup
was treated as described above. There was no difference in the potency
of the extracts produced by either method.
The amount of dry extract obtained per gram of alfalfa meal seemed
to be nearly constant regardless of the manner of treating the alfalfa. The
average value obtained from a large number of experiments was 0.289 g.
of dry extract per gram of alfalfa meal, when 10 g. of alfalfa were extracted with 200 ml. of liquid.
Subsequent experiments showed that it is possible to markedly increase the weight of alfalfa meal extracted by the same volume of liquid
and still obtain the same relative amount of dry alfalfa extract. For
example, when 10, 30, and 40 g. of alfalfa were extracted with 200 ml. of
solution, in each case 0.289 g. of dry extract was obtained per gram of
alfalfa meal.

A. suboxydans
The media for these experiments contained 5 per cent glycerol, and
0.5 per cent of dry alfalfa extract in each case. This amount of alfalfa
extract was used since the amount of yeast extract employed in the control flasks was 0.5 per cent. The results of the growth experiments with
the dry extracts are given in Table 4. These data show that the extract
EFFECT OF DRY ALFALFA EXTRACTS ON THE GROWTH OF

TABLE 4
EFFECT OF DRY ALFALFA EXTRACTS UPON T HE GROWTH OF

A. suboxydans

Photometer Reading
Method of Treating Alfalfa
to Produce Extract
Aqueous extracts:
15 min. at 15 lbs. steam pressure . .. . ...... . ..
24 hrs. at 100° C ....... .... . .......... . .. . .
Acidic extract, 0.07 N HCL:
24 hrs. at 100° C . . ... ... . ....... . ... . ......
Basic extract, 0.07 N NaOH:
24 hrs. at 100° C . ... . ...... . ...............
Yeast extract control. ........... . ...........

24 hrs.

48 hrs.

96 hrs.

50.9
39.1

31.1
29.4

25 . 0
25 . 8

30.6

24 . 5

21. 7

48 . 3
8 .4

36 . 9
7 .1

32 . 8
6.5
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made with 0.01 N hydrochloric acid at 100°C. for 24 hours, was superior
to the others tested. The growth was not only more rapid, but there was
greater growth in the case of this acidic extract. The growth was not as
good as that obtained in the yeast extract control, but the growth obtained
with the dry alfalfa extract approached that of the control much more
closely than in any previous tests.
EFFECT OF DRY ALFALFA EXTRACT ON THE CONVERSION oF PoLYHYDRIC
ALCOHOLS TO THE CORRESPONDING KETO-COMPOUNDS

It does not necessarily follow that maximum growth of an organism
is required for maximum conversion of substrate. Therefore, even though
the growth obtained using alfalfa extract was not quite as good as that
obtained with yeast extract it seemed advisable to determine if the
growth obtained with alfalfa extract was sufficient to bring about the
desired conversions of polyhydric alcohols to the keto-compounds.
In all tests 5 per cent of the polyhydric alcohol was used with either
0.5 per cent yeast extract or 0.5 per cent alfalfa extract. The alfalfa
extract used in all cases was the extract obtained by extracting alfalfa
meal for 24 hours at 100°C. using 0.01 N hydrochloric acid. The data
given in Table 5 show the comparative results of the oxidation of the
various polyhydric alcohols when both yeast extract and alfalfa extract
were used to supply nutrients. The data show that yeast extract and
TABLE 5
EFFECT OF DRY ALFALFA EXTRACT UPON THE CONVERSION OF POLYHYDRIC ALCOHOLS TO THE
CORRESPONDING KETO-COMPOUNDS BY A . suboxydans

Percentage Conversion of the Alcohol
to the K etose in
Substrate and Nutrient

24 hrs.

48 hrs.

72 hrs.

53 Glycerol- 0.53 yeast extract. .. . ... .. . . . .
"
"
" alfalfa extract .... .. . ... . .
53 Sorbitol- 0.53 yeast extract. . ...... . ....
"
"
" alfalfa extract. . .. . . .. .. . .
53 2,3-butylene glycol0.53 yeast extract . .. .. . .. ... . . . .. . ..... ..
" alfalfa extract. .......... . .. . . . .... ..

75 . 3
44 . 6
87. 7 .
92 . 5

94.2
76 . 1
90 . 8
93 . 2

93 . 8
91.0
92 . 1
93 . 5

70 . 8
44 . 2

96 .0
96 .0

97 . 0
97 .0

alfalfa extract have equal ability to bring about the desired conversions.
In the fermentations of sorbitol and 2,3-butylene glycol the yields of
keto-compounds were obtained equally as rapidly regardless of the
nutrient employed. In the fermentation of glycerol the desired oxidation
was completed in a shorter period of time with yeast extract, but the
final yields were comparable. These results were confirmed by repeated
experiments.
SUMMARY

1. Extracts of alfalfa have been prepared by heating alfalfa meal
with water, with dilute hydrochloric acid or with dilute sodium hydroxide
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under various conditions, and the ability of these extracts to supply the
nutrients required for the growth of Acetobacter suboxydans has been
investigated. The extracts supported the growth of the organism satisfactorily although not as well as yeast extract; best results were obtained
with an acid extract.
2. A procedure has been described for the preparation of a dry
material from the alfalfa extract. The growth of Acetobacter suboxydans
using the best dry preparation to supply nutrients approached that obtained when an equal weight of yeast extract was employed.
3. The yields of keto-compounds from the polyhydric alcohols,
glycerol, sorbitol, and 2,3-butylene glycol, were found to be the same
when either yeast extract or alfalfa extract was used to supply nutrients.
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The organism Acetobacter suboxydans possesses a remarkable ability
to oxidize polyhydric alcohols to the corresponding keto-compounds, and
a considerable number of these oxidations have been studied quantitatively in these and other laboratories. The use of A. suboxydans frequently furnishes the most readily available method for the production
of rare keto-compounds such as the ketose sugars.
Hann, Tilden, and Hudson (3) called attention to the fact that a
specific relationship seemed to exist between the stereo-configuration of
certain polyhydric alcohols and the ability of A. suboxydans to oxidize
them. For instance, they found that d-arabitol was readily oxidized by
the organism to d-xylulose whereas l-arabitol was not attacked. This is
not surprising since it is well known that many living organisms are able
to metabolize only one of a pair of enantiomorphs, and this "biochemical
method" is sometimes employed for the resolution of racemic mixtures (2).
Only recently the stereoisomeric forms of 2,3-butanediol, commonly
called 2,3-butylene glycol, have become available in sufficient quantities
to permit study of their behavior in fermentations. Three stereoisomeric
2,3-butanediols are known, the configurations of which, according to
conventional practice, may be represented as follows:

·cHa
HO -

I
CI

CHa
H

H - C - OH
I

CHa
d-2,3-butanediol

I
H - C-OH
I
HO-C - H
I
CHs

l-2 ,3-bu tanediol

CHa

I
I
H-C-OH
I

H-C - OH

CHa
meso-2,3-butanediol

The present paper deals with the comparative ease of oxidation of these
three stereoisomers to acetylmethylcarbinol by the action of Acetobacter
suboxydans.
Fulmer, Underkofler, and Bantz (1) reported that better than 90
per cent of theory yields of acetylmethylcarbinol were obtainable by
the action of A. suboxydans upon the 2,3-butylene glycol produced by
the fermentation of dextrose by Aerobacter aerogenes. This glycol is now
1
This work was supported by a grant from the Industrial Science Research
Institute of the Iowa State College for studies on the fermentative utilization of agricultural products.
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known to be a mixture of the diastereoisomers, with the mesa-glycol
predominating. Fulmer, Underkofler, and Bantz concluded that their
results indicated that Acetobacter suboxydans attacks the meso-glycol
preferentially and that the glycol produced by the action of Aerobacter
aerogenes consists of the mesa-glycol and de:x;tro-glycol with little or
none of the Zevo-glycol. From the unfermented glycol residues from
the fermentations they isolated 2,3-butylene glycol with the rotation
[a] 25o 10.15.

+

EXPERIMENTAL

The " aerobacter glycol" used in this investigation was obtained by
the fermentation of dextrose by Aerobacter aerogenes. This product had
a rotation of [a]2 5 0
1.0, and from freezing point data (6) was found to
contain about 90 per cent of the meso-2,3-butanediol. The Z-2,3-butanediol
was prepared in these laboratories by the fermentation of corn mashes by
Aerobacillus polymyxa, according to the method discovered by workers
at the Northern Regional Research Laboratory of the United States Department of Agriculture, and had a rotation of [a] 25 0 - 13.0. The d-2,3butanediol was obtained from the residual unfermented glycol recovered
from fermentations of the "aerobacter glycol" by Acetobacter suboxydans.
This dextro-material had a rotation of [a] 250
10.15. If it be assumed
that the Zevo-glycol with rotation of [a] 25 0 - 13.0 is the pure Z-2,3-butanediol, then pure d-2,3-butanediol would have a rotation [a] 25o 13.0. It is
therefore apparent that the dexh:o-material employed, having a rotation
[a ]2 5 0
10.15, predominated in d-2,3-butanediol but contained also some
levo- or mesa-glycol, probably the latter. The quantities of the dextromaterial available were so meager that it was impractical to attempt to
purify it further.
All fermentations were carried out in 50 ml. Erlenmeyer flasks containing 10 ml. of medium in each flask. In all cases the media were adjusted
to pH 6.0 + 0.1 and contained 5 per cent glycol, 0.5 per cent yeast extract,
and 0.25 per cent maltose, the conditions shown in previous publications
to be optimum (5, 1). The media were sterilized for 10 min. at 15 lbs.
steam pressure.
The culture of Acetobacter suboxydans was originally obtained from
the American Type Culture Collection listed as No. 621. Each experimental flask was inoculated with 6 drops of an active 24-hour culture
of the organism growing on a 5 per cent glycol-0.5 per cent yeast extract0.25 per cent maltose medium. Incubation was at 28°C.
The conversion of the glycol to acetylmethylcarbinol was followed
by determining the content of reducing substance produced in the media,
using a modified Shaffer-Somogi method developed in these laboratories (4).
All fermentations were run in duplicate, and the results were confirmed by repeated experiments. The data in Table 1 give the averages
of the duplicate fermentations in a representative experiment, showing
the yields of acetylmethylcarbinol obtained from the three glycol samples.

+

+

+

+
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TABLE 1
EXTE NT OF CONVERSION OF THE S TEREOISOMERIC 2,3-BUTANEDIOLS TO A CETYLMETHYLCARBINOL
BY Acetobacter suboxydans

Percentage Conversion of the Glycol in
Substrate

24 hrs.

l-2,3-butanediol .... . ... . ...... . . .. .... . .. ..
" Aerobacter glycol"
(90% meso-2,3-butanediol) ... . .............
d-2,3-butanediol (predominately) . . ... . . . .... .

48 hrs.

96 hrs.

35

88

96

27
0 .9

72
1. 3

95
3 .3

The results show clearly that A. suboxydans preferentially oxidizes
the meso- and Zevo-compounds. The Zevo-glycol is attacked somewhat
more rapidly than the meso-compound. The dextro-glycol is acted upon
by the organism only very slightly, if at all; the small reducing values
obtained in the fermentations of the dextro-glycol were probably due to
the presence of meso-glycol in this material. It is evident that A. suboxydans is able to oxidize only the meso- 2,3-butanediol and the Zevo-rotatory
enantiomorph of the active 2,3-butanediols.
SUMMARY

It has been demonstrated that Acetobacter suboxydans oxidizes
meso-2,3-butanediol and Z-2,3-butanediol to acetylmethylcarbinol, but
does not attack the d-2,3-butanediol. This represents another example of
the biochemical specificity of living organisms toward one of a pair of
enantiomorphs.
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Class 2. ANGIOSPERMAE
Cotyledons 1, leaves mostly parallel-veined, stems endogenous................ ..
.................................................................... .. Subclass 1. MonocotyledoneM
Cotyledons 2, leaves mostly net-veined, stems exogenous ............................ ..
............................................................ ..........Subclass 2. Dicotyledoneae
Subclass 1. MONOCOTYLEDONEAE

lA. Very small, free-floating plants without differentiation into stem and
leaves ......................................................Family 9. Lemnaceae
2A. Plants rooted in the soil.
lB. Strictly marine plants with ribbon-like leaves ....................................
............................................................. Family 4. Zosteraceae
2B. Not marine but often growing in brackish water.
lC. Plants submerged, but often with floating leaves........................ ..
..............................................................Family 3. Potamogetonaceae
2C. Plants terrestrial or if aquatic, emersed.
lD. Flowers monoecious, aquatic or marsh plants.
lE. Flowers in an elongated terminal spike ............................. .
...........................................Family 1. Typhaceae
2E. Flowers in dense spherical heads ....................................... .
...........................................Family 2. Sparganiaceae
3E. Flowers on a fleshy axis (spadix) and subtended by a
large, conspicuous, fleshy bract (spathe) ..................... .
...........................................Family 8. Araceae
2D. Flowers perfect.
lE. Perianth conspicuous.
lF. Ovary superior.
lG. Styles distinct ........ Family 11. Melanthaceae
2G. Styles united.
lH. Herbs with bulbs .................................................. ..
......................... Family 12. Liliaceae
2H. Herbs with rootstocks ........................................ ..
......................... Family 13. Convallariaceae
[381]
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2F. Ovary inferior.
lG. Perianth radial (regular) ... ............ ..... ...... .. ....... ...... .
............................... Family 14. Iridaceae
2G. Perianth bilateral (irregular) .... .......... ...... .. ........... .
................. .............. Family 15. Orchidaceae
2E. Perianth inconspicuous and scaly or absent. (See also
Tofieldia in Melanthaceae.)
lF. Perianth 6-parted.
lG. Perianth fleshy , inflorescence a raceme, usually
spike-like .............Family 5. Scheuchzeriaceae
2G. Perianth scalelike, inflorescence umbellate or
paniculate .......... Family 10. Juncaceae
2F. Perianth absent or represented by '1 or 2 minute
scales. Grasslike plants.
lG. Leaves 2-ranked, fruit a grain................................... .
... .. .. .........................Family 6. Poaceae
2G. Leaves 3-ranked, fruit an achene ........................... .
...... ...... .......... ..... .... Family 7. Cyperaceae
1. TYPHACEAE (Cat-tail Family)

Aquatic or marsh plants; leaves long, linear, fl.at, striate, sheathing
at the base; flowers monoecious, in dense terminal spikes with the staminate part uppermost; perianth of bristles; stamens 2-7; ovary stipitate,
1-2-celled.
TYPHA (Tourn.) L.

The only genus. (Name ancient.)

T. latifolia L.

Common Cat-tail

Stem stout, 1-2.5 m. tall; leaves 6-25 mm. wide; spikes dark brown,
the staminate portion lighter than the pistillate, and with bractlets; the
pistillate portion without bractlets.
In ponds near Fairbanks. Circumboreal. (Fig. 60.)
2. SPARGANIACEAE (Bur-reed Family)

Marsh or water plants with creeping rootstocks; leaves linear, alternate, clasping at the base; flowers monoecious, in dense, globose heads,
the staminate uppermost, the pistillate below, the lower ones peduncled;
perianth reduced to a few scales; fruit nutlike.
SPARGANIUM (Tourn.) L.

The only genus (Greek, referring to the ribbon-like leaves).
lA. Peduncles of the upper pistillate heads adnate to
axillary).
lB. Beak very short or lacking ..... ... ..........................!.
2B. Beak nearly as long as the achenes.
lC. Staminate heads remote ............................... 2.
2C. Staminate heads approximate ..................... .3.
2A. Pistillate heads all strictly axillary ..........................4.

the stem (super-

S. hyperboreum
S. simplex
S. angustifolium
S. minimum
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1. S. hyperboreum Laest.

Northern Bur-reed
Stem floating and elongated or when growing in mud decumbent
and ascending, 1-2 dm. tall; leaves linear, 6-40 cm. long, 1-4 mm. wide,
the sheaths somewhat dilated near the base; staminate heads 1 or 2,
close to the upper pistillate ones; pistillate heads 2-4, the upper sessile,
the lower peduncled, in fruit 8-11 mm. in diameter; achenes ellipsoid.
Generally distributed in our territory except the extreme arctic.
Circumboreal. (Fig. 61.)

2. S. simplex Huds.

Simple-stemmed Bur-reed

Stem rather stout, 4-6 dm. tall, leaves linear, keeled, 4-9 dm. long,
8-15 mm. wide; inflorescence simple; staminate heads 4-8, pistillate heads
2-5, about 15 mm. in diameter at maturity; achenes stipitate, fusiform,
5--6 mm. long, often constricted at the middle; stigma linear.
Extreme southern part of southeastern Alaska. Circumboreal.
3. S. angustifolium Michx.
S. affine Schniz.
S. multipedunculatum (Morong) Rydb.

Narrow-leaved Bur-reed

Stems floating and elongated or erect and 2-5 dm. tall; leaves 2-6
dm. long, 3-8 mm. wide, dilated and scarious-margined at base, more or
less reticulated; staminate heads approximate but distant from the pistillate ones; pistillate heads 2-4, the lower ones peduncled, in fruit 15--20
mm. in diameter; achenes stipitate, fusiform, brown; stigma about 1 mm.
long.
Aleutians and Bering Strait-Greenl.-Penn.-Calif. Also N. Europe
and.Kamtchatka. (Fig. 62.)
4. S. minimum (Hartm.) Fr.

Small Bur-reed
Stem usually slender and floating, 1-4 dm. long; leaves fl.at, thin,
2-6 mm. wide, bases of upper ones dilated; pistillate heads 1-3, axillary,
the lower sometimes peduncled, less than 1 cm. wide in fruit; achenes
ellipsoid to obovoid, sometimes constricted below the middle, shortbeaked.
Central Alaska south and east. Circumboreal. (Fig. 63.)
3. POTAMOGETONACEAE (Pondweed Family)

Perennial, mostly fresh-water plants with slender branching stems
and floating or submerged leaves or both. Flowers perfect or monoecious,
in axillary spikes or clusters; perianth none but flowers sometimes en~
closed in hyaline envelopes; stamens 1-4; pistil of 1-4 distinct, 1-celled,
1-ovuled carpels; fruit small druplets.
lA. Flowers perfect.
lB. Stamens 4, druplets sessile ....................................... !. Potamogeton
2B. Stamens 2, druplets stipitate ................................... 2. Ruppi.a
2A. Flowers monoecious, stamen 1 ........................................ 3. Zannichellia
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1. POTAMOGETON (Tourn.) L.

Leaves alternate or the upper opposite, often of 2 kinds, the submerged thin, pellucid and narrow, the floating broader and coriaceous;
stipules present, enclosing the young flower buds; inflorescence spicate,
axillary, usually emersed; stamens 4, the connective tissue sometimes
becoming perianth-like; carpels 4, distinct; fruit of 4 druplets. (Greek,
in allusion to the aquatic habit.)
lA. Leaves of 2 sorts, floating and submerged.
lB. Submerged leaves without proper blades ....... l. P. natans
2B. Submerged leaves 2 mm. or more wide.
lC. Submerged leaves very finely denticulate ............ .......... .............. ..
...... .. ........ ......... ... ......... ....................................2. P. gramineus
2C. Submerged leaves all entire.
lD. Submerged leaves ribbon-like ............. 3. P. epihydrus
2D. Submerged leaves narrowly lanceolate ................... ....... .. ........
.......... ......... ......... ........ ............. .. ..... .......... 4. P. alpinus
2A. Leaves all submerged.
lB. Stipules free, spike compact.
lC. Stem flattened, leaves narrow.
lD. Leaves 9-17-nerved .......... ... .................. 5. P. porsildorum
2D. Leaves 1-3-nerved ................ ...... ..... .... .. 6. P. pusillus
3D. Leaves 5-nerved ....................................... 7. P. friesii
2C. Stem not conspicuously flattened, leaves broader.
lD. Leaves with broad blades.
lE. Leaves half-clasping ....... ........... ....... 8. P. ;praelongus
2E. Leaves cordate-clasping ... ........... .... . 9. P . perfoliatus
2D. Leaves narrowly lanceolate .... ......... .....2. P . gramineus
2B. Stipules adnate, spike interrupted.
lC. Stigmas sessile.
lD. Leaves filiform ... .......... ...... ............... .......10. P. filiformis
2D. Leaves narrowly linear ... ..... ............... .. 11. P. interior
2C. Stigmas on a distinct style.
lD. Leaves blunt .. .. ....... ... .......... .. .... ..... .. ......12. P. vaginatus
2D. Leaves acute .......... ............ ........ .......... .... . 13. P. pectinatus
1. P. natans L.
Floating Pondweed
Stems simple or sparingly branched, 6-14 dm. long; floating leaves
ovate or elliptical, thick, short-pointed at the apex, rounded or cordate at
the base, 4-10 cm. long, 2-5 cm. wide, on rather long petioles; submerged
leaves of bladeless petioles and early perishing; stipules 5--10 cm. long,
acute, 2-keeled; spike cylindric, dense, 3-5 cm. long; druplets obovoid,
4-5 mm. long; stone 2-grooved on the back.
Coast districts, not common. Circumboreal and nearly cosmopolitan.
(Fig. 64.)
Various-leaved Pondweed
2. P. gramineus L.
P . heterophyllus Schreb.
Stems slender, branching, and often very long; floating leaves usually
present, oval, pointed at the apex, usually rounded at .t he base, 1.5--8 cm.
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long, 8-28 mm. wide, 9-19-nerved; submerged leaves linear or linearlanceolate, pellucid, reticulated, 5-15 cm. long, 2-16 mm. wide, 3-9nerved; peduncles 3-8 cm. long; spikes 2-4 cm. long, many flowered;
druplets indistinctly 3-keeled, 2-3 mm. long.
From Bering Str. east and south. Circumboreal. (Fig. 65.)
3. P. epihydrus Raf.
~uttall Pondweed
P . epihydrus Raf. var. nuttallii (Cham. & Schlecht.) Fern.
Stems slender, compressed, 3-18 dm. long; floating leaves opposite,
elliptic to obovate, petioled, obtuse, narrowed at the base, 3-8 cm. long,
6-18 mm. wide, many nerved; submerged leaf-blades linear or linearlanceolate, 2-4 mm. wide, reticulate along the midrib, 5-nerved, the outer
nerves nearly marginal; spikes cylindric, many-flowered, 1.5-6 cm. long;
druplets round-ovoid, pitted, 3-keeled; style short, apical.
Revillagigedo Island-Labr.-Newf.-Ga.-Colo.-Calif.
4. P . alpinus Balbis var. tenuifolius (Raf.) Fern.

Northern Pondweed

Plants with a ruddy tinge, simple or branching; floating leaves
oblanceolate or spatulate, 5-12 cm. long, sometimes wanting; submerged
leaves thin, oblong to linear-lanceolate, 7-30 cm. long; spikes cylindric,
2-4 cm. long; druplets ovoid, lenticular, 2.5-3.5 mm. long, with a sharp
middle keel and a short recurved style.
Most of our territory south of the Arctic Circle. Circumboreal.
The var. tenitifolius is eastern Asiatic and American. (Fig. 66.)
5. P. porsildMum Fern.

Porsild Pondweed

Stem simple or branching, 1-6 dm. long; leaves 3.5-9.5 cm. long,
1.5-2 mm. wide, 9-17-nerved, apex rounded, subacute to mucronate;
base with 2 prominent glands; stipules subrigid, subpersistent, manynerved, 1-2.5 cm. long; spikes with 3 or 4 verticils; druplets oblong-ovoid,
3-4 mm. long, 1.5-2 mm. wide , base obliquely truncate.
Known from Buckland River and Takotna to the Mackenzie Delta
and James Bay. (Fig. 67.)

6. P. pusillus L.

Small Pondweed

Entirely submerged with filiform branched stem; leaves linear, 2-6
cm. long, with strong midrib and usually inconspicuous side veins, 1-1.5
mm. wide, inconspicuous glands at base, the tip often narrowed into a
short acumination; peduncles 6-25 mm. long; spikes few-flowered, about
5 mm. long; druplets broadly ovoid, about 2 mm. long, indistinctly 3keeled. A variable species, "of which three varieties of doubtful distinction
have been reported from Alaska.
Bering Sea region south and east. Circumboreal. (Fig. 68.)
7. P . friesii Rupr.

Fries Pondweed

Stems branching, 4-12 dm. long; leaves linear, 3-6 cm. long, about
2 mm. wide, usually 3-nerved, acute or cuspidate at apex, 2-glandular
at base; stipules white, finely nerved, 10-20 mm. long; peduncles often
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thicker than the stem; mature spikes often somewhat interrupted; druplets with recurved style and usually a shallow pit on sides.
Matanuska. Circumboreal. (Fig. 69.)

8. P. praelongus Wulf.
White-stemmed Pondweed
Stems white, flexuous, much-branched, somewhat flattened, up to
25 dm. long; leaves oblong-lanceolate, 5-25 cm. long, 15-30 mm. wide,
with 3-5 main nerves; stipules white, scarious, 15-30 mm. long; spikes
cylindric, thick, 2-4 cm. long; druplets slightly keeled, 4-5 mm. long.
Atka and Kodiak. Circumboreal.

9. P. perfoliatus L.
Clasping-leaved Pondweed
P. perfoliatus L. var. gracilis Fries.
P. richardsonii (A. Benn.) Rydb.
Stems very leafy; leaves all submerged, thin, lanceolate, with cordateclasping base, 4-10 cm. long, 8-15 mm. wide; stipules usually conspicuous, often in shreds; peduncles 3-10 cm. long, thickened upward and
somewhat spongy; spikes cylindric, 2- 3.5 cm. long; druplets obscurely
3-keeled, 3-4 mm. long. This species is represented in central and western
Alaska by a near typical form (var. gracilis Fries) and in the coastal
districts by var. richardsonii A . Benn. which has narrower leaves and
longer stipules.
Circumboreal. Also northern Africa and southern Australia. (Fig.
70.)
10. P . filiformis Pers.

Filiform Pondweed

Stems from running rootstocks, branching, slender above, stouter
toward the base; leaves linear-filiform, 5-30 cm. long, less than 1 mm.
wide; sheaths 2-3 cm. long; peduncles 4-7 cm. long; spikes interrupted,
the verticels 3-20 mm. apart; druplets ovoid, 2- 3 mm. long, nearly 2 mm.
wide; stigma sessile, forming a broad truncate projection on the druplet.
In most parts of Alaska and Yukon. Circumboreal. (Fig. 71) .
Interior Pondweed
11. P. interior Rydb.
Stems slender, much-branched; leaves capillary or linear, 3-15 cm.
long, about 1 mm. wide, mostly 1-nerved, with acute, pungent apex;
adnate portion of stipules 14 mm. or more long, free portion 2-4 mm. long;
spikes few-flowered, 15-85 mm. long; druplets obliquely ovoid, 2-grooved
on back; stigma subsessile.
Pacific coast districts-Ont.- N. Mex.- Calif.
Sheathed Pondweed
12. P . vaginatus Turcz.
Stem compressed, 4-12 dm. long; leaves 0.5-2 mm. wide, up to 3 dm.
long; peduncles filiform, 5-10 cm. long; spikes 3-5 cm. long, interrupted;
druplets 2.5-3 mm. long, without keel. Related to P. pectinatus.
In brackish and salt water, Bering Sea and Pacific coasts. More or
less circumboreal.
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13. P. pectinatus L.

Fennel-leaved Pondweed

Stems filiform, much-branched, the branches repeatedly forking;
leaves narrowly linear or setaceous, attenuate at the apex, 3-15 cm. long,
less than 1 mm. wide; stipular sheaths 1-2 cm. long, adnate one-half their
length or more; peduncles filiform, 5-25 cm. long; spikes interrupted with
2-6 verticels; druplets obliquely ovoid, 3-4 mm. long, rounded on the
back and with 2 obscure keels.
Matanuska, Cordova, and Circle. Cosmopolitan. (Fig. 72.)
2. RUPPIA L.

Slender, widely-branched water plants with capillary stems and
filiform, alternate leaves with membraneous sheaths at the base. Flowers
on a capillary spadix-like peduncle which becomes long and coiled in
fruit; flowers consisting of 2 sessile anthers and 4 pistils, sessile at first,
in fruit long-stipitate; fruit a small obliquely-pointed druplet. (Heinrich
Bernhard Rupp was a German botanist.)
Stipular sheaths 15 mm. long.................................................. 1. R. spiralis
Stipular sheaths 20 mm. long ............ ...................................... 2. R. canadensis

1. R. spiralis L.

Ditch-grass. Widgeon-grass

Stems much branched, often long; leaves up to 15 cm. long, less than
0.5 mm. wide, and with a sharp tip; stipular sheaths 6-15 mm. long;
peduncles in fruit elongating and coiling into a loose spiral; fruit ovoid,
about 2 mm. long, obliquely attached.
Salt and brackish water along the coast from St. Paul Island eastward. Cosmopolitan in distribution. (Fig. 73.)
2. R. canadensis S. Wats.
R. lacustris Macoun.

Western Ditch-grass

Differs from R. spiralis in having stipules 2-4 cm. long, leaves up to
25 cm. long, and generally stouter stems.
Unalaska Island and B. C.-Wash.-Nebr.
3. ZANNICHELLIA L.

Submerged aquatics with capillary, sparsely-branched stems; leaves
linear-filiform, 1-nerved; staminate and pistillate flowers in the same
axil, the staminate of a single 2-celled anther on a short pedicel-like filament, the pistillate of 2-6 sessile pistils in a cup-shaped involucre; fruit
a flattish falcate nutlet with a slender beak, ribbed or toothed on the
back. (J. H . Zannichelli was an Italian physician and botanist.)

Z. palustris L.

Horned Pondweed

Stems capillary from creeping rhizomes; leaves 2-10 cm. long, 0.5
mm. or less wide, acute at the apex; fruits 2-6 together, 2-4 mm. long,
sometimes pedicelled.
In Alaska, known only from the delta of the Buckland River. Cosmopolitan in distribution.
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4. ZOSTERACEAE (Eel-grass Family)

Submerged marine plants with creeping rootstocks, flattened branching stems, 2-ranked, ribbon-like leaves, monoecious or dioecious flowers
borne on a spadix, enclosed in a spathe, and without perianth but enclosed in a hyaline scale. Staminate flowers consisting of single 1-celled
anthers in 2 rows on the spadix which produce filamentous pollen; pistillate flowers of single, 1-celled ovaries composed of two carpels.
Flowers monoecious .................................................................. !. Zostera
Flowers dioecious ...................................................................... 2. Phyllospadix
1. ZOSTERA L.

Marine plants with 2-ranked leaves sheathing at the base, the sheaths
with inflexed margins; flowers arranged alternately in two rows on the
spadix; pollen threadlike; pistillate flowers fixed on the back near the
middle; style elongated; stigma capillary; mature carpels flask-shaped,
beaked. (Greek, referring to the ribbon-like leaves.)
Z. marina L.
Eel-grass
Stems branched, arising from a thickish rootstock; leaves ribbonlike, obtuse at apex, 3-15 dm. long, 2-8 mm. wide; spadix 25-60 cm. long,
the flowers crowded; at anthesis the anthers escaping and releasing the
glutinous, filamentous pollen in the water; fruit strongly 20-ribbed, about
3 mm. long and 1 mm. wide.
Along the coast from Bering Strait south. Circumboreal, but absent
from most of the Arctic coasts. (Fig. 74.)
2. PHYLLOSPADIX Hook.

Rootstocks thickened, stems slender, bearing the inflorescence at the
summit; leaves linear, sheathing; flowers in spathes, the spadix with a
series of short, dilated, foliaceous flaps, which close over the flower; staminate flowers of numerous sessile anthers in 2 rows, producing threadlike
pollen ; pistillate flowers of single sessile ovaries, tapering into a short style
with 2 stigmas; fruit beaked, cordate-sagittate. (Greek, referring to the
leaflike appendages of the spathe.)
P. scouleri Hook.

Scouler Surf-grass

Stem winged, 1-4 dm. long; leaves 2-4 mm. wide with 3 primary
nerves.
On rocks in the surf, Sitka. Coasts of Japan and B. C.-Calif.
5. SCHEUCHZERIACEAE (Arrow-grass Family)

Marsh herbs with rushlike leaves and small, perfect flowers in spikes
or panicles. Perianth 4-6-parted in 2 series; stamens 3-6; anthers 2-celled;
carpels 3- 6, 1- 2-ovuled, more or less united but separating at maturity.
Stems scapose .............................................................................. 1. Triglochin
Stems leafy ..................................................................................2. Scheuchzeria
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1. TRIGLOCHIN L.

Seaside or marsh herbs with half-round, elongated, linear leaves,
sheathing at the base; flowers in long terminal racemes or spikes on a
naked scape; stamens 6, the anthers sessile or nearly so; carpels 3-6,
1-celled, 1-ovuled, united at first, at maturity separating from the base
upward; stigmas plumose; seed compressed or angular. (Greek, referring
to the fruit of the 3-carpelled species.)
Carpels 6, fruit obtuse at base ..... ... ........ .. ... ........ .. ..... ... .............1. T. maritima
Carpels 3, fruit with subulate base ............ .. .. ................ ....... ...2. T. palustris
1. T. maritima L .

Seaside Arrow-grass

Scape stout, 1-10 dm. tall; leaves 1-6 dm. long, about 3 mm. wide;
raceme often 4 dm. long; pedicels 2-4 mm. long, decurrent along the
stem, ascending in fruit; fruit 5-6 mm. long, 3-5 mm. wide; carpels triangular, depressed on the back. A form collected near mile 280 on Richardson Highway has fruit only 3-4 mm. long.
Beaches and salt meadows, Kotzebue southward. Occasional in
interior from Wiseman south. Circumboreal and to S. America. (Fig. 75.)

2.

T. palustris L.

l\/Iarsh Arrow-grass

Scape slender, 1-5 dm. tall; leaves slender, tapering to a sharp point,
5-30 cm. long; pedicels slender, 2-6 mm. long, erect in fruit; fruit 6-7 mm.
long, about 1.5 mm thick, pointed at the lower end.
On very wet soil, Kotzebue and Wiseman south. Circumboreal and
in Chile. (Fig. 76.)
2. SCHEUCHZERIA L.

Rushlike, bog plants with creeping rhizomes and erect, leafy stems;
leaves elongated, striate, half-round below, flat above, with pore at the
apex; flowers small, regular, perfect; perianth 6-parted in 2 series, persistent; stamens 6; anthers linear; ovaries 3, rarely more, separate or
connected at the base; stigmas sessile, carpels divergent, 1- or 2-seeded.
(Johan Jacob Scheuchzer was a Swiss scientist.)

S . palustris L.
Scheuchzeria
Stems leafy, 1-3 dm. tall; leaves 1-4 dm. long, the upper reduced to
bracts; sheaths of the lower leaves up to 1 dm. long; flowers white, segments 1-nerved, 3 mm. long; pedicels 6-20 mm. long, in fruit spreading;
follicles 5-9 mm. long.
Extreme southern part of southeastern Alaska. Circumboreal. The
American form has longer follicles and styles than the European and
has been described as var. americana Fern.
6. POACEAE (Grass Family)

Herbs, or in warm climates sometimes woody plants with usually
hollow stems (culms) closed at the joints and 2-ranked, parallel-veined
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leaves, the lower portion forming a sheath enveloping the culm, with an
appendage (ligule) at the junction of sheath and blade. Flowers usually
perfect, small, with no typical perianth, arranged in spikelets consisting
of a shortened axis (rachilla) and 2 to many 2-ranked bracts, the lowest
2 (glumes) empty or rarely obsolete, the succeeding 1 or more (lemmas)
bearing a single floret in the axil, and between the floret and the rachilla
a second 2-nerved bract (palea); stamens usually 3; pistil of a 1-celled,
1-ovuled ovary with usually 2 styles; fruit a seedlike grain (caryopsis).
A large family of cosmopolitan distribution and the most valuable of all
plants. Here belong corn, wheat, oats, rye, barley, rice, sugar-cane,
bamboo, the sorghums, millet, and most of the hay and forage crops. Indirectly it furnishes most of our meats by furnishing the bulk of the food
for all grazing animals.
The family is divided into 2 subfamilies, Festucoidae and Panicoidae.
The latter is not represented in our area. The subfamilies are divided
into tribes of which six are represented in our area.
lA. Spikelets distinctly pedicelled, panicles sometimes contracted and
spike-like.
lB. First (lowest) and second florets staminate or neuter ........ ........... ...
...................................... .. .................................................. 1. Phalarideae
2B. Lowest floret perfect, imperfect florets, if any, uppermost.
lC. Spikelets 1-flowered ................................................. 2. Agrostideae
2C. Spikelets 2-many-flowered.
lD. Lemmas awned on back, glumes longer than the lemmas ....
............................... :........... ................................... 3. Aveneae
2D. Lemmas awnless or with terminal awn, glumes usually
shorter than the lemmas ............................... 5. Festuceae
2A. Spikelets sessile in spikes.
lB. Spikes unilateral ...................... ........................ ... .... .... ...4. Chlorideae
2B. Spikes not unilateral ..................................................... 6. Hordeae
1. Phalarideae

lA. Lower floret staminate; spikelets brown and shining ............... .............. .
.......................................................... ............................... 1. Hierochloe
2A. Lower floret neuter, spikelet green or yellowish.
lB. Lower florets reduced to small awnless scalelike lemmas; spikelets compressed laterally ...................... .............. 2. Phalaris
2B. Lower florets consisting of awned, hairy lemmas; spikelets subterete ................................. ............ ........................ 3. Anthoxanthum

2. Agrostideae
lA. Lemmas with long terminal awn and closely enveloping the grain ..... .
........ ............. .................. .................................................. 4. Stipa
2A. Lemmas awnless or short-awned; awn when present dorsal.
lB. Entire spikelet deciduous at maturity.
lC. Glum es awnless .................. ............ .................... 5. Alopecurus
2C. Glumes awned ........ ............. ............................... 6. Polypogon
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2B. L emmas deciduous above the glumes.
lC. Glumes awned ............ ... .. .... .. ..................... ........ 7. Phleum
2C. Glumes awnless.
lD. L emmas 1-nerved ... ............. ................ .... .... 8. Phippsia
2D. Lemmas 3- 5-ner ved.
lE. Stamen 1; lemma stipitate ......... ..... ...... 9. Cinna
2E. Stamens 3, lemmas sessile.
lF. L emmas copiously hairy at base .... 10. Calamagrostis
2F. Lemmas naked or shor t-hairy at base.
lG. Glumes longer than the lemmas, spikelets small ....
.. ........ ........... ......... .................... ... 11. Agrostis
2G. Glumes shor ter than the lemmas, spikelets large .. ..
..... ........................ ... .. ... ... ... ... ... ....12. Arctagrostis

3. Aveneae
lA. Spikelets with 1 perfect and 1 staminate floret.
lB . Lower floret perfect, awnless, upper staminate with hooked awn ....
........... ... ..... ............ ..... ... ....... ......... ... .. ....... .... ......... 13. Holcus
2B. Lower floret staminate, awned, upper perfect, awnless ..... .... ... ........ ..
..... ......... ............. ................................ ......... .. .. .... ... .14. Arrhenatherum
2A. Perfect florets 2 or more.
1B. Lemmas usually awnless.
lC. Articulation below the glumes, glumes dissimilar .. .. ....... ......... ....
... ... .. ........... ....... ....... .............. ....... .... ..... ........ .... 15. Sphenopholis
2C. Articulation above the glumes, glumes nearly alike ... ... ...... ...... ..
........ .. ........ ...... .... ............... .......... ... ....... ..... ..... .16. Koeleria
2B. Lemmas with twisted awn arising from between 2 terminal teeth
... ... .... .... .. ...... ..... ..... .... ... ..... ...... ... ....... .... .. .... .... .. .. ..17. Danthonia
3B. Lemmas with dorsal awn.
lC. Spikelets large, more than 1 cm. long ......... 18. Avena
2C. Spikelets small, less than 1 cm. long.
lD. Lemmas keeled, awn arising from above the middle ..... ... ... .
............. ... ... .. .... .. ..... ... ... .. .......... .... ... ...... ... ..19. Trisetum
2D. Lemmas convex, awn arising from below the middle ..... ........ .
.......... ....................... ......... ... .. ......... .... ......... 20. Deschampsia
4. Chlorideae
Glumes equal, broad boat-shaped .... .... .... ....... ..... ... .. ... ...21. Beckmannia
5. Festuceae
lA. Spikelets nearly sessile in dense one-sided clusters at the ends of the
few panicle branches .... ... ..... ......... ... ................ ... ............ 22. Dactylis
2A. Spikelets not as above.
lB. Callus barbellate or pilose.
lC. Panicle erect, the rigid branches often divergent ........ ................ ..
.. ................... .. ............ ..... ...... ... ...... ..... .. ....... ............. ..23. Dupontia
2C. Panicle nodding, the spreading branches capillary.
lD. Lemmas awned .... ...... .... ......... ..... ................. .... .24. Schizachne
2D. Lemmas awnless .... ............. ... .. ............... ............ 25. Colpodium
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2B. Callus naked.
lC. Lemmas rounded on back.
lD. Nerves of the lemmas prominent.
lE. Lemmas long acuminate-pointed .................26. Melica
2E. Lemmas obtuse .................. ...........................27. Glyceria
2D. Nerves of lemmas obscure or evident only near the apex.
lE. Lemmas obtuse, awnless.
lF. Glumes usually small and shorter than the lemmas....
....... .. ....... ......... ..... ......... ... ...... .. .... .. ........ ..28. Puccinellia
2F. Glumes usually about as long as the nearest lemma,
the lemma usually more 'or less pubescent................
..................................................................29. Poa
2E. Lemmas acute or obtuse, often awned.
lF. Lemmas acute or awned from the apex..........................
................................................................ .. 30. Festuca
2F. Lemmas obtuse, usually awned from below the apex
...................................................................... 31. Bromus
2C. Lemmas compressed-keeled.
lD. Spikelets 1 cm. or more long........................... .. 31. Bromus
2D. Spikelets less than 1 cm. long ...........................29. Poa

6. Hordeae
lA. Spikelets solitary at each node of the rachis.
lB. Spikelets placed edgewise to the rachis ..................... 32.
2B. Spikelets placed flatwise to the rachis ......................... 33.
2A. Spikelets 2 or 3 at each node of the rachis.
lB. Spikelets !-flowered .............................. ......................... 34.
2B. Spikelets several-flowered .............................................35.

Lolium
Agropyron
Hordeum
Elymus

1. HIEROCHLOE R. Br.

Savastana Schrank.
Torresia Ruiz & Pav.
Perennial, erect, sweet-smelling grasses with small panicles of broad,
bronze-colored spikelets; spikelets 3-flowered, the terminal floret perfect,
the others staminate; glumes equal, 3-nerved, broad, smooth, acute; staminate lemmas about as long as the glumes, boat-shaped, hispidulous, hairy
along the margins; fertile lemma indurate; smooth or nearly so, awnless.
(Greek, sacred plus grass.)
lA. Staminate lemmas awned ................................................. !. H . alpina
2A. Staminate lemmas awnless.
lB. Culm 16 cm. tall or less ............................................... 2. H. pauciflora
2B. Culm 20 cm. long or more ........................................... 3. H. odorata
Alpine Holy-grass
1. H,. alpina (Sw.) Roem. & Schult.
Savastana alpina (Sw. ) Scribn.
Culms tufted, 1-4 dm. tall, with leafy shoots at the base and short
rhizomes; blades 1-2 mm. wide, those of the culm short and wider; panicle
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2-4 cm. long; spikelets 5-8 mm. long; glurnes glabrous; staminate lemmas
ciliate on the margins, the first with a short straight awn, the second with
a bent awn, 5-8 mm. long; fertile lemma pubescent near the apex.
Alpine-arctic situations throughout our territory. Circurnboreal.
(Fig. 77.)
2. H. pauciflora R. Br.

Arctic IIoly-grass

Savastana paiiciflora (R.Br.) Scribn.
Sterns glabrous, erect, simple; basal sheaths overlapping; blades about
1 mm. wide, up to 7 cm. long, involute when dry; stern leaves flat, short
and wider, the uppermost almost obsolete; panicle 1-2.5 cm. long, contracted; spikelets few, 3-5 mm. long; glurnes smooth and glabrous; starnnate lemmas scabrous, erose-truncate; fertile lemma shorter than the
others, obtuse with villous apex. ,
Arctic regions. Circumpolar. (Fig. 78.)
3. H. odorata (L.) Beauv.
Savastana odorata (L.) Scribn.
Torresia odorata (L.) IIitchc.

IIoly-grass. Sweet-grass

Culrns 2-6 drn. tall with some leafy shoots and creeping rhizomes;
blades 2-6 mm. wide, those of the sterile shoots elongate; panicle 4-12
cm. long, open; spikelets about 5 mm. long; lemmas awnless or nearly so,
brown-pubescent.
From about the Arctic Circle south. Circurnboreal. (Fig. 79.)
2. PHALARIS L.

Grasses with numerous flat leaves and narrow or spike-like inflorescence; spikelets crowded, laterally compressed, with 1 terminal perfect
floret and 2 sterile lemmas below, the rachilla disarticulating above the
glurnes, the usually inconspicuous sterile lemmas falling close appressed
to the fertile floret; glurnes equal, boat-shaped, often winged on the keel;
fertile lemma coriaceous, enclosing the faintly 2-nerved palea. (Greek,
alluding to the shining grain.)
P. arundinacea L.

Reed Canary-grass

Perennial with creeping rhizomes; culms 6-22 dm. tall, glaucous;
leaves 6-18 mm. wide, up to 3 dm. long; panicle 7-18 cm. long, the branches
spreading during anthesis, later erect; glumes about 5 mm. long, 3-nerved,
acute, the keel scabrous; fertile lemma lanceolate, 4 mm. long, with a few
appressed hairs; sterile lemmas villous, about 1 mm. long.
Wet places, central Alaska south and east-N. B.- N. Car.-Okla.Ariz.-Calif. (Fig. 80.)
P. canariensis L ., Canary-grass, which furnishes the chief constituent
of the bird seed of commerce has been collected a few times, but it is not
yet known to be able to maintain itself. It is a glabrous annual with stems
branched at the base, 3-9 dm. tall; leaves 4-12 mm. wide; the spikelets
broad, imbricate, in a dense, ovoid, headlike panicle; glumes pale with
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green stripes and a narrowly winged keel. Native of the Mediterranean
:region.
3. ANTHOXANTHUM L.

Fragrant grasses with spike-like paniculate inflorescence; spikelets
with 1 terminal perfect floret, 2 sterile lemmas and unequal glumes;
glumes acute or acuminate; sterile lemmas awned from the back, 8horter
than the glumes but longer than the fertile lemma; fertile lemma awnless;
stigmas elongated, plurnose. (Greek, referring to the yellowish color of
the spikelets of some species.)

A. odoratum L.
Sweet Vernal-grass
A tufted perennial 3-6 dm. tall; sheaths shorter than the internodes;
leaves 2-5 mm. wide, fl.at; spike-like panicle greenish yellow-brown, 2-6
cm. long; spikelets 8-10 mm. long; first glume 1-nerved, half as long as the
3-nerved second glume; sterile lemmas subequal, appressed-pilose, the first
with a straight awn from near the middle, the second with a long geniculate awn from near the base; fertile lemma smooth and shining, about 2
mm. long.
Established at Unalaska and perhaps elsewhere in Alaska. Native of
Eurasia. (Fig 81.)
4. STIPA L.

Tufted perennial grasses; leaves usually convolute; panicles mostly
narrow; spikelets I-flowered, disarticulating above the glurnes, the articulation oblique, leaving a bearded, sharp-pointed callus attached to the
base of the floret; glumes membranous, acute, acuminate, or aristate;
lemma narrow, terete, firm, enclosing the palea and jointed to a usually
bent and twisted awn. (Greek, in reference to the feathery awns of the
type species.)
Awn 2-2.5 cm. long ..................... ............ ........................ ......... 1. S. columbiana
Awn 10-15 cm. long ................................................................ 2. S. comata
1. S. columbiana Macoun.

Columbia Needle-grass

Stems 3-6 dm. or more tall; sheaths smooth; ligule short; blades 1-3
dm. long, 1-3 mm. wide, mostly involute, those of the stem sometimes
flat; panicle 6-20 cm. long, narrow, rather dense, often purplish; glumes
about 1 cm. long; lemmas 6-7 mm. long, pubescent; awn twice geniculate,
2-3 cm. long.
Dry plains and meadows, Yukon-Texas-Calif. [Fig. 82 (from a
Wyo. specimen).]

2. S. comata Trin.
Needle and Thread
Stems 3-6 dm. or more tall; sheaths usually longer than the internodes, smooth or scabrous, the upper one long and inflated, enclosing the
base of the panicle; ligule 3-4 mm. long; basal leaves involute-filiform,
those of the stem somewhat wider; panicle 1-2 dm. long; glumes 15-20
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mm. long with attenuated tips; lemmas 8-12 mm. long, finally brownish
with callus about 3 mm. long; awn 10-15 cm. long, very slender, flexuous,
indistinctly twice geniculate.
.
Plains, prairies, and dry hills, Yukon-Ind.-Texas-Calif. [Fig. 83
(from a Wyo. specimen).]
5. ALOPECURUS L.

Ours perennial grasses with flowers in dense spike-like panicles;
spikelets 1-flowered, disarticulating below the glumes, compressed; glumes
-equal, united at the base, ciliate on the Reel; lemmas about as long as the
glumes, 5-nerved, obtuse, with dorsal awn or point, the margins united
at the base; palea none. (Greek, fox plus tail.)
lA. Spikelets 5-6 mm. long .................................................. 1. A. pratensis
2A. Spikelets 2-4 mm. long.

lB. Spikelets densely wooly all over.
lC. Tall-growing, up to 1 m ..................................... 2.
2C. Lower-growing, 15-50 cm ................ ........... ........ 3.
2B. Spikelets not densely wooly all over.
lC. Awn scarcely exceeding the glumes ................ 4.
2C. Awn exserted 2-3 mm ......................................... 5.
1. A. pratensis L.

A. glaucus
A. alpinus
A. aequalis
A. geniculatus

Meadow Foxtail

Culms erect, 3-10 dm. tall; leaves 2-6 mm. wide; panicle 3-10 cm.
long, 7-10 mm. thick; glumes 5-6 mm. long, ciliate on the keel and pubescent on the side nerves; awn exserted, 2-5 mm.
Southeastern Alaska-Lahr. and southward. Introduced from Eurasia. (Fig. 84.)

2. A. glaucus Less.
Glaucous Foxtail
A. occidentalis Scribn. & Tweedy.
Culms from long-creeping rhizomes, glaucous, up to 1 m. tall; panicle
15-40 mm. long, 8-12 mm. wide. This species has been confused with A.
-alpinus but has longer, more leafy, glaucous culms, longer and more cylindrical panicles, decidedly scabrous leaves.
Bering Sea-Yukon-Alta.-Mont.-Utah-Colo. Asia.
'3. A. alpinus J. E. Sm.

Mountain .!!.,oxtail

Culms from creeping rhizomes, often decumbent at base, 1-6 dm. tall;
sheaths glabrous, often inflated, longer than the internodes; blades 3-6 mm.
wide; panicle 1-3 cm. long, 7-10 mm. wide; glumes 3-4 mm. long, very
wooly; lemmas villous on upper portion, awn attached below the middle)
usually exserted. Var. stejnegeri (Vasey) Hult. (A. stejnegeri Vasey) is
characterized by narrow outwardly-curved and very acute glumes which
are conspicuously longer than the lemmas. The awn is often longer and
the panicle, 12-16 mm. thick. This is the form in the Aleutian Islands.
Wet situations, Arctic coast-Central Alaska (Fig. 85.)
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4. A. aequalis Sobol.

Short-awned Foxtail

Culms erect or spreading, 12-60 cm. long; leaves 1-4 mm. wide; panicle
cylindric, 2-7 cm. long, 3-5 mm. wiQ.e; spikelets about 2 mm. long; awn
scarcely exserted or exserted up to 1 mm.; anthers about 1 mm. long.
In water or wet soil, Aleutians, Bering Sea, and central Alaska east
and south. Circumboreal. (Fig. 86.)

5. A. geniculatus L .
Marsh Foxtail
Similar to A . aequalis. Culms often rooting at the nodes; spikelets
about 2.5 mm. long, the tip purple; anthers about 1.5 mm. long; awn of
lemma about twice as long as the spikelet, exserted and giving the panicle
a bristly appearance.
Introduced into southeastern Alaska. Native of Eurasia. (Fig. 87.)
6. POLYPOGON Desf.

Mostly decumbent annual grasses with spike-like panicles; spikelets
1-flowered, disarticulating below the glumes, leaving a short-pointed callus
attached; glumes equal, awned from the tip; lemma shorter than the
glumes, hyaline, usually with a short, straight awn. (Greek, many plus
beard, referring to the bristly inflorescence.)

P . monspeliensis (L.) Desf.
Rabbit-foot Grass. Annual Beard-grass
Culms erect from a usually decumbent base, 15-50 cm. tall, sometimes depauperate or taller; leaves flat, 4-12 cm. long, 2-6 mm. wide; inflorescence dense, 2-15 cm. long, 1-2 cm. thick; glumes hispidulous, about
2 mm. long; awn 6-8 mm. long; lemma scarcely 1 mm long, its awn
0.5-1.5 mm. long.
Sparingly introduced as a weed. Native of Europe. (Fig. 88.)
7. PHLEUM L.

Perennial grasses with flat leaves; inflorescence a dense, cylindric,
spike-like panicle; spikelets 1-flowered, compressed, disarticulating above
the glumes; glumes equal, persistent, keeled, abruptly mucronate or
awned; lemma shorter, hyaline, truncate, denticulate; palea narrow, nearly
as long as the lemma. (Greek, a kind of reed.)
Panicle 1.5--3 times as long as broad ... ... ........ .. ....................... ..1. P. alpinum
Panicle several times as long as broad ... .. .... .... .... ........... .......... 2. P. pratense
1. P. alpinum L .

Mountain Timothy

Culms 15--50 cm. tall from a decumbent base; leaf-blades 2-10 cm.
long, 3-8 mm. wide; inflorescence 1-5 cm. long, 7-12 mm. thick; glumes
3-4 mm. long exclusive of the awns which are about 2 mm. long.
Aleutian and Pribilof Islands and Pacific Coast regions of Alaska.
Circumboreal and in South America. Our form averages taller and has
shorter awns and more inflated upper sheaths than the European plant and
has been described as var. americanum Fournier. (Fig. 89.)
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Culms erect, 5-10 run. tall from a more or less swollen base; leafblades 5-25 cm. long, 4-8 mm. wide; inflorescence cylindric, 3-10 cm.
long, 5-8 mm. thick; glumes 3-4 mm. long, scabrous, ciliate on the keel;
awns about 1 mm. long.
A native of Eurasia and widely introduced in America, being cultivated for hay and pasture. Spontaneous in all Pacific Coast sections of
Alaska and to some extent in the interior. (Fig. 90.)
8. PHIPPSIA R. Br.

Low annual tufted grass; leaves flat; panicle narrow; spikelets 1flowered, disarticulating above the glumes; glumes unequal, minute, the
first sometimes wanting; lemma thin, slightly keeled, 3-nerved, abruptly
acute; palea somewhat shorter than the lemma. (John Constantine Phipps,
1744-1792, was an Arctic navigator.)
P. algida (Soland.) R. Br.
Phippsia
Glabrous; culms 3-15 cm. long; leaves soft, narrow, with boat-shaped
tips; panicles 5-30 mm. long; spikelets 1-1.5 mm. long; grain oblong, enclosed in the lemma and palea.
Arctic Coast to St. Paul Island. Circumpolar. (Fig. 91.)
9. CINNA L.

Tall perennials with broad flat leaves and numerous spikelets in
large, often nodding panicles; spikelets 1-flowered, the rachilla forming
a stipe below the floret and produced beyond the palea as a minute bristle;
glumes nearly equal, keeled, acute; lemma similar, nearly as long, 3nerved, short-awned or awn-pointed; palea shorter, 1-nerved. (Greek
name for some grass.)
C. latifolia (Trev.) Griseb.
Slender Reed-grass
Culms 5-15 dm. tall; leaf-blades 5-15 mm. wide; panicle 15-30 cm.
long, the branches in verticils, capillary, flexuous, often drooping; spikelets about 4 mm. long; glumes hispidulous; lemma nearly as long as the
glumes, hispidulous toward the apex; awn short.
Alaska Range and Pacific Coast districts of Alaska-Labr.-Newf.N. Car.-Ill.-N. Mex.-Calif. (Fig. 92.)
10. CALAMAGROSTIS Adans.

Erect perennial grasses with panicled inflorescence; spikelets 1-flowered, the rachilla prolonged beyond the palea as a short, usually hairy
bristle; glumes nearly equal, persistent, acute or acuminate; the lemma
shorter with a basal ring of long hairs and a dorsal awn. Some of the
species of this genus are very variable. This variability has resulted in
much confusion regarding species and varieties. Some hybridization may
have taken place. (Greek, signifying reed-grass.)
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lA. Awn comparatively long, bent or geniculate, exserted.
lB. Low-grown, less than 3 dm. tall.
lC. Awn fixed at or below the middle of the lemma .... ......... ..... ... ...... .
.... ............. .... .. ..... .............................. .. ...... .... 1. C. deschampsioides
2C. Awn fixed near the apex of the lemma .... .2. C. holmii
2B. Taller, stout grasses, 3-15 dm. tall.
lC. 4-8 dm. tall, awn long-exserted ....... .... ... 3. C. purpurescens
2C. 6-15 dm. tall, awn but slightly exserted ... 4. C. nutkaensis
2A. Awn not exserted, callus hairs as long or nearly as long as the lemma.
lB. Panicle open, spreading ...... .. .. ... ......... ...... ........ 5. C. canadensis
2B. Panicle narrow or condensed.
lC. Awn fixed at or above the middle of the lemma .... ... ... ................. .
...... .. .... ... ........................ .. ..... ..... ... .. .......... ... .6. C. neglecta
2C. Awn fixed below the middle of the lemma.
lD. Leaves and panicle stiff .. ... ... ..... .... ...... 7. C. inexpcinsa
2D. Leaves and panicle soft .......... .. .. ......... 8. C. lapponica
1. C. deschampsioides Trin.
Stems slender, erect, or decumbent at base, sheaths glabrous; leaves
narrow, glabrous, mostly clustered at base, more or less involute, at least
when dry ; panicle erect, ovate, shining, 2-5 cm. long; spikelet:; 4-5 mm.
long; glumes nearly equal, the lower 1-nerved, the upper 3-nerved, acute;
lemma nearly equaling the glumes, bidentate, 5-nerved, awned at or below the middle; palea about equaling the lemma, bidentate; awn slightly
longer than the lemma.
Western coast of Alaska, Eurasia, west coast of Hudson Bay. (Fig.
93.)
2. C. holmii Lange.

Holm Reed-grass

Relatively low-grown; upper ligules rudimentary; panicle open,
small, rather dense; resembles C. deschampsioides, but the callus hairs
are relatively shorter and the short, bent, or twisted awn is fixed near
the apex of the lemma.
St. Paul Island, northeastern Asia, Nova Zembla, Arctic Siberia.
3. C. purpurescens R. Br.
Purple Reed-grass
C. yukonensis Nash.
Deyeuxia purpurescens (R. Br.) Schult.
Stems tufted , mostly 4-6 dm. tall; sheaths scabrous; leaves 2-4 mm.
wide, flat or involute, scabrous; panicle dense, usually pinkish or purplish,
somewhat spike-like, 2-12 cm. long; glumes 5-8 mm. long; lemma as long
as the glumes, 4-toothed at apex, awned from near the base; hairs of the
callus about one-third as long as the lemma.
Ssp. arctica (Vasey) Hult. [var. arctica (Vasey) Kearney] (C. vaseyi
Beal) is a form growing up to 1 m. tall with hyaline abruptly pointed
glumes. It occurs from the Alaska Peninsula to Japan.
Alaska-Victoria Land-Baffin Land-Greenl.-Que.-S. Dak.Colo.-Calif.-N. Asia. (Fig. 94.)
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4. C. nu,tkaensis (Presl) Steud.
Pacific Reed-grass
C. aleu,tica Trin.
Culms stout, 7-15 din. tall; leaf-blades elongate, flat, becoming involute, gradually narrowed into a long point; panicle usually purplish, narrow, 12-30 cm. long, the branches stiffly ascending; glumes 5-7 mm. long,
acuminate; lemma nearly as long as the glumes, indistinctly nerved; awn
from below the middle, slightly geniculate, scarcely as long as the lemma;
callus hairs and rachilla scarcely half as long as the lemma.
Along the coast, Aleutian Islands to Calif. (Fig. 95.)
5. C. canadensis (Michx.) Beauv.
Bluejoint
Culms tufted, 6-15 din. tall, with numerous creeping rhizomes; leafblades elongate, flat, 2-8 mm. wide, scabrous; panicle 8-25 cm. long, open,
usually purplish, the branches spreading; glumes 3-4 mm. long, acute,
more or less scabrous; lemma nearly as long as the glumes, thin in texture,
the awn delicate and extending to or slightly beyond its tip; callus hairs
abundant, fully as long as the lemma.
The ssp. langsdorfii (Link) Hult. [var. scabra (Presl) Hitchc.] [C.
langsdorfii (Link) Trin.] is the form most abundant in the coast districts.
It has spikelets 4.5-6 mm. long, firm glumes which are hispid-ciliate on
the keel, and the culms may attain a length of 23 dm.
Alaska-Greenl.-N. Car.-Kans.-Ariz.-Calif. (Fig. 96.)
6. C. neglecta (Ehrh.) Gaertn.
Narrow Reed-grass
Resembling C. inexpansa but averages smaller. Culms 3-8 dm. tall;
leaves smooth or nearly so, narrow, often filiform; panicle 5-10 cm. long;
spikelets 3-4 mm. long; glumes often nearly smooth except on the keel;
callus hairs long but distinctly shorter than the lemma.
Var. borealis (Least.) Kearney differs from the type in its low growth,
broad and short, fiat leaves, and dark, purplish very acute glumes.
·Bering Sea-Greenl.-Maine-Wis.-Utah-Ore. The variety is circumpolar.
7. C. inexpansa A. Gray.
Northern Reed-grass
C. hyperborea Lange.
Culms often scabrous below the panicle, 6-12 din. tall, rhizomes
present; leaf-blades loosely involute, scabrous, 2-4 mm. wide; panicle
narrow, dense, 5-20 cm. long, the branches erect and spikelet-bearing
from the base; glumes 3-4 mm. long, scabrous, abruptly acuminate;
lemma about as long as the glumes, scabrous, green on the back with
purplish tip; awn short, attached about the middle of the lemma or below;
some of the rachilla hairs about reaching to the tip of the lemma.
Meadows and marshes, central Alaska-Greenl.-Maine-Mo.-N.
Mex.-Calif. (Fig. 97.)
8. C. lapponica (Wahl.) Hartm.
Lapland Reed-grass
C. alaskana Kearney
Culms 4-9 dm. tall; leaves and panicle soft; panicle narrow, not
very compact, often nodding; glumes purplish on back, brownish at the
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tip, more or less evenly covered with scattered scabrous pubescence and a
few comparatively large spinelike hairs on the middle of the keel; awn
fixed near the base of the lemma, reaching about to the top of the glumes,
longest callus-hairs as long as the lemma.
Bering Sea-Yukon-Mack-Eurasia.
11. AGROSTIS L.

Delicate to moderately tall tufted grasses with paniculate inflorescence; spikelets small, numerous, 1-fl.owered; glumes obtuse, usually
shorter and thinner than the glumes, awned or awnless; often hairy on the
callus; palea small or obsolete. (Greek, referring to the field habitat of
many of the species.)
lA. Palea evident, 2-nerved, at least half as long as the lemma.
lB. Rachilla prolonged beyond the palea (Podagrostis) .
lC. Spikelets 3 mm. long .......... .................... ........ 1. A. aequivalvis
2C. Spikelets 2 mm. long .................. ........ ............ 2. A. thurberiana
2B. Rachilla not prolonged.
lC. Branches of panicle naked at the base ...... 3. A . tenuis
2C. Branches of panicle or some of them fl.oriferous from base.
lD. Panicles contracted, the branches appressed .................... .. ....
...... .... .... .. ....... ..... .. .. ... ........ ........ ... .. ............. 4. A. ;palustris
2D. Panicles open, the branches ascending.
lE. Stems decumbent at base, rhizome wanting .... .... ........... ...
..... .............. ... ....... .. .. ... .......... ........ ......... 5. A. stolonifera
2E. Stems erect, rhizome present.. .. ..... ... 6. A. alba
2A. Palea obsolete or minute.
lB. Panicle narrow, contracted, branches spikelet-bearing from the
base ....... ... .... ...... ..... ...... ........... .. .... ... ..................... 7. A. exerata
2B. Panicle open.
lC. Panicle very diffuse ............. ... ............ .... ... ..... 8. A . sea bra
2C. Panicle open but not diffuse.
lD. Lemma awnless ........ .... .. ............ .......... ...... 9. A. idahoensis
2D. Lemma awned.
lE. Awn straight .. ....... ... ........... ...... .... .... .. ..10. A . alaskana
2E. Awn geniculate .. .... .................. ...... ... .. 11. A. borealis
1. A. aequivalvis Trin.
Northern Bent-grass
Podagrostis aequivalvis (Trin.) Scribn. & Merr.
Culms tufted, ascending from a spreading base, 2-6 dm. tall; leaves
fl.at, 1-3 mm. wide; panicle usually purplish, 5-15 cm. long, the branches
slender; spikelets 3 mm. or more long; glumes about equal, minutely
scabrous beneath the tip of the keel; lemma about as long as the glumes,
the palea nearly as long as the lemma; prolongation of the rachilla onefifth to one-half as long as the lemma.
Western Aleutians south to Calif.

,
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2. A. thurberiana Hitchc.
Podagrostis thurberiana (Hitchc.) Hult.

Thurber redtop

Culms in small tufts, erect, 2-4 elm. tall; leaves about 2 mm. wide; panicles rather narrow, lax, 5-9 cm. long; spikelets about 2 mm. long, lemmas a
little shorter than the glumes; palea about two-thirds as long as the
lemma; prolongation of the rachilla short, hairy.
Aleutians-Central Alaska-Mont.-Colo.-Calif. (Fig. 98.)
3. A . tenuis Sibth.

Colonial Bent. Rhode Island Bent

Culms slender, erect, 2-5 dm. tall; stolons short; leaves 1-3 mm. wide;
panicle 3-10 cm. long, open, delicate; glumes 2 mm. long or less, sometimes slightly scabrous on the keel near the apex.
Introduced into southeastern Alaska. Native of Europe.
4. A. palustris Huds.
A. maritima Lam.

Dense-flowered Bent

Culms tufted, erect, usually with a decumbent base, 2-4 dm. tall; leaves
erect, rough on both surfaces, 4-8 cm. long, 1-3 mm. wide; panicle dense
and compact, 3-10 cm. long; spikelets crowded, acute at both ends, lanceolate when closed, about 2 mm. long, on hispidulous pedicels thickened at
apex; glumes acute, hispidulous on the upper part of the keel; lemma
hyaline, palea one-half to two-thirds as long as the lemma.
Along the coast, Hyder-Calif. Also east coast and in Europe. (Fig.
99.)
5. A. stolonifera L.
Culms ascending, 2-7 elm. tall,. with decumbent base and with stolons;
leaves flat, 2-4 mm. wide, light or glaucous-green and scabrous; panicle
5-15 cm. long, pale or purple, somewhat open, some of the branches
spikelet-bearing to the base; glumes acute, glabrous except the scabrous
keel, 2- 2.5 mm. long; lemma shorter than the glume, usually awnless,
palea more than half as long as the lemma.
Central Alaska- N. Jer.- Ore. Also northern Europe. This form
may be native. (Fig. 100.)
Redtop
6. A. alba L.
Culms 3-15 elm. tall, erect or decumbent at base, with strong creeping rhizomes; leaves flat, 3- 10 mm. wide, panicle reddish, 5-30 cm. long,
lower branches verticillate, spreading; glumes acute, 2.5-3 mm. long;
lemmas rarely awned.
Often used in lawn and pasture mixtures. Introduced. Native of
Europe.
7. A. exerata Trin.
Spike Redtop
Culms usually tufted, 2-12 dm. tall; ligule prominent, leaves flat,
1-8 mm. wide; panicle narrow, from somewhat open to spike-like, 10- 25
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cm. long; glumes acuminate or awn-pointed, 2.5-4 mm. long, scabrous,
especially on the keel; lemma about 2 mm. long, often bearing an awn;
palea about 0.5 mm. long.
Moist soil, common and variable, Aleutians-Man.-Nebr.-N. Mex.
-Mex. and eastern Asia. (Fig. 101.)
Var. purpurescens Hult. 3-4 dm. tall, inflorescence dark purple. May
be a hybrid with A. alaskana.

8. A. scabra Willd.
A. hiemalis Auct.

Tickle grass

Culms tufted, 2-8 dm. long; leaves mostly basal, the blades usually
narrow or even setaceous; panicle large and diffuse, 2-5 dm. long; spikelets crowded at the ends of the branchlets; glumes acute or acuminate,
usually purplish; lemma shorter than the glumes, awnless or rarely
awned; palea none. At maturity the panicle branches spread widely,
and the whole panicle breaks away and rolls before the wind.
Var. geminata (Trin.) Hult. (A. geminata Trin.) Caespitose perennial; culms 1-3 dm. long; glumes about 3 mm. long; lemma usually awned.
Alaska-Calif.
Var. aristata Hult. Spikelets about 2.4 mm. long; awns geniculate,
exserted; panicle rather contracted. Central and southern Alaska.
Alaska-Newf.-Fla.-Mex.-Calif. (Fig. 102.)
9. A. idahoensis Nash.

Idaho Bent-grass

Culms slender, tufted, 1-3 dm. tall; leaves mostly basal, narrow; panicle loosely spreading, 5-10 cm. long, the flexuous branches capillary and
minutely scabrous; spikelets 1.5-2 mm. long; lemma awnless; palea
minute.
Fairbanks-Wash.-Mont.-N. Mex.-Calif.

10. A. alaskana Hult.
A. melaleuca Am. auct.

Alaska Redtop

Culms tufted, 1-5 dm. tall; panicles 5-20 cm. long, open, the branches
in whorls; glumes dark purple, 2.5-3 mm. long, acute, smooth except the
scabrous keel; lemmas white, about 2 mm. long, with a short, straight,
variable awn; palea none. The var. breviflora Hult. has shorter and
broader lemmas.
Coastal districts, Aleutians to southeastern Alaska. (Fig. 103.)
11. A. borealis Hartm.

Red Bent-grass

Culms tufted, 1-4 dm. tall; leaves mostly basal, 5-10 cm. long, 1-3 mm.
wide; panicle 4-12 cm. long, the lower branches whorled and usually
spreading; glumes 2.5-3 mm. long, acute, the lower usually slightly longer
and more acute than the upper; lemma slightly shorter than the glumes,
awned, the awn exserted; palea obsolete or nearly so.
Aleutians and Bering Sea Coast eastward. Circumboreal. (Fig. 104.)
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12. ARCTAGROSTIS Griseb.

Perennial grasses; leaves flat; particle contracted; spikelets 1-flowered;
glumes unequal, ·membranous, acute; lemma longer than the glumes,
obtuse; palea obtuse, 2-nerved; the lemma and palea strongly hispidulous.
(Latin, Arctic and Agrostis.)
Spikelets 3-4.6 mm. long .. .... .. .............................. ........ .............. !. A. latifolia
Spikelets 2-3 mm. long ............ .. .. .. ...... .............. .. ...................... 2. A. poaeoides
1. A. latifolia (R.Br.) Griseb.

Arctagrostis

Culms 3-12 dm. tall, ligule prominent; blades 4-30 cm. long, 4-14 mm.
wide; panicle rather narrow, somewhat open, 7-28 cm. long; glumes
unequal, smooth, acute; lemma densely hispidulous, appearing acute in
side view; palea similar to the lemma. A variable species, the typical
form , seldom exceeding 5 dm. in height with purple spikelets 4 mm. or
more long, is common in the Bering Sea and Arctic regions.
Var. arundinacea (Trin.) Griseb. [A. arundinacea (Trin.) Beal] is
usually more than 5 dm. tall; spikelets usually less than 4 mm. long;
usually purplish. This is the form common in central and southern
Alaska. (Fig. 105.)
Var. angustifolia (Nash) Hult. (A. angustifolia Nash) has long, narrow, very flexible panicles with short branches bearing greenish spikelets
and long, lax, bluish-green leaves. Dr. Hulten believes this form to be a
hybrid between A . latifolia var. arundinacea and A. poaeoides.
This species is circumboreal.
2. A. poaeoides Nash.
Somewhat tufted and with running, branched rootstocks; culms 6-9
dm. tall, erect; sheaths striate, shorter than the internodes; ligule prominent; blades rough on both surfaces, 5-8 mm. wide; panicle about 15 cm.
long, the main axis smooth, the pedicels rough; spikelets numerous, 2-3
mm. long; first glume 1-nerved, two-thirds as long as the 3-nerved second
glume; lemma short, broad; the glumes, lemma, and palea all thin and
translucent.
Central Alaska-Sask.-Man.
13. HOLCUS L.

Perennial grasses; leaf-blades flat; panicles contracted; spikelets 2flowered, the pedicel disarticulating below the glumes, the rachilla curved
and somewhat elongated below the first floret, not prolonged beyond the
second floret; glumes about equal, longer than the lemmas; upper lemma
bearing a short awn. (Old Latin name for a grass.)

H. lanatus L.
Velvet Grass
Plant grayish velvety-pubescent; culms erect, 3-7 dm. tall; leaves
4-8 mm. wide; panicles 6-15 cm. long, pale, purple-tinged; spikelets about
4 mm. long; glumes villous, hirsute on the nerves, the second broader than
the first, 3-nerved; lemmas smooth and shining; awn hooklike.
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A European grass sometimes cultivated and naturalized in southeastern Alaska. (Fig. 106.)
14. ARRHENATHERUM Beauv.

Tall perennial grasses; lower floret staminate, the upper perfect, the
rachilla disarticulating above the glumes and produced beyond the upper
floret; glumes rather broad and papery, the first I-nerved, the second
longer and 3-nerved, about the full length of the spikelet; lemmas 5nerved, hairy on the callus, the lower bearing a short, minute, straight awn
from near the tip; panicle rather dense. (Greek, for masculine plus awn,
referring to the awned staminate floret.)

A. elatius (L.) Mert. & Koch.
Tall Oat-grass
Culms erect, smooth, I0-15 dm. tall; leaves flat, scabrous on both
sides, 3-8 mm. wide; panicle shining, narrow, 1-3 dm. long, the short
branches verticillate; spikelets 7-8 mm. long; lemmas scabrous.
Introduced in southeastern Alaska. Native of Europe. (Fig. 107.)
15. SPHENOPHOLIS Scribn.

Slender perennials; leaves flat; panicles narrow, shining; spikelets
2- or 3-flowered, the pedicel disarticulating below the glumes; the rachilla
produced beyond the upper floret; glumes unlike, the first narrow, acute,
1-nerved, the second broadly ovate, 3-5-nerved, somewhat coriaceous, the
margin scarious; lemmas scarcely nerved, awnless; palea hyaline, exposed. (Greek, wedge plus scale.)
S. intermedia (Rydb.) Rydb.
Slender Wedgegrass
Culms tufted, erect, 3-10 dm. tall; panicle erect and spike-like, somewhat interrupted and lobed; 5-20 cm. long; spikelets 2.5-3.5 mm. long.
Occurs at Manly Hot Springs. B. C.-Newf.-Fla.-Ariz. (Fig. 108.)
16. KOELERIA Pers.

Tufted grasses; leaf-blades narrow; panicle spike-like; spikelets 2-4flowered, the rachilla disarticulating above the glumes and between the
florets , prolonged beyond the perfect floret and often bearing a rudimentary floret at the tip; first glume narrow, I-nerved, somewhat shorter than
the second, which is wider and 3-5-nerved; lemmas somewhat scarious and
shining, a little longer than the glumes, acute or short-awned. (George
Ludwig Koeler was a German botanist.)
Culms and sheaths glabrous ...... ... ........ .. ......... ......... ... .......... 1. K. yukonensis
Culms and sheaths pubescent ...... ......... ... .. .. .. .... ... ...............2. K. cairnesiana
Yukon Koeler-grass
1. K. yukonensis Hult.
Densely caespitose; culms 20-25 cm. tall, glabrous; basal leaves filiform , 0.2-0.3 mm. wide, glabrous, acute, ashy-green; cauline leaves wider,
involute; spikelets about 7 mm. long, 3-5-flowered, long-pedicelled; glumes
of about equal length; lemmas 5-7 mm. long, 5-nerved.
Known only from the upper Yukon district.
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Cairnes Koeler-grass
2. K. cairnesiana Hult.
Culms 25-30 cm. tall, upper part pilose, slender; basal leaves filiform ,
about 0.5 mm. wide, glabrous; cauline leaves about 1 mm. wide, ciliate;
panicles about 25 mm. long, dense, violet-tinged; spikelets 2-flowered,
short-stipitate; glumes wide-lanceolate, scarious; lemmas about 3.5 mm.
long, sparingly long-pilose, hyaline-margined.
Known only from the upper Yukon region.
17. DANTHONIA DC.

Tufted perenhials; panicles spike-like; spikelets several-flowered;
rachilla pubescent, extending beyond the florets; glumes about equal,
broad, papery, acute, usually exceeding the florets; lemmas rounded on
the back, the apex bifid, the lobes acute, often extending into slender
awns, with a stout, flat, twisted, geniculate awn arising between them.
(Etienne Danthione was a French botanist.)
Glumes pilose on the back ...................................................... 1. D. spicata
Glumes glabrous on the back .... .. .... ........ .. ...... ........ ...... ..........2. D. intermedia
1. D. spicata (L.) Beauv.

Poverty Oat-grass
Culms 2-5 dm. tall, slender; sheaths pubescent at the mouth; blades
filiform to 2 mm. wide; panicle 2-5 cm. long, often 1-sided; spikelets 3-10;
glumes 10-12 mm. long, acute; lemmas 4-5 mm. long, sparsely villous
except the 2-toothed summit, the teeth acuminate or subsetaceous, 1.5--2.5
mm. long, flat.
Southeastern Alaska-Newf.-Fla.-N. Mexico-Ore. (Fig. 109.)
2. D . intermedia Vasey
Timber Oat-grass
Culms 1-5 dm. tall; blades subinvolute, or those of the stem flat;
panicle 2-5 cm. long, few-flowered, purplish; branches appressed; glumes
12-16 mm. long, appressed-pilose along the margin below and on the
callus, the teeth acuminate, aristate-tipped; awn 7-8 mm. long.
Extreme northwestern B. C.-Labr.-W. Newf.-Mich.-N. Mex.Calif. Also Kamtchatka.
18. AVENA (Tourn.) L.

Annual or perennial grasses; spikelets usually large, in open or contracted panicles, 2-several-fiowered, the rachilla bearded, disarticulating
above the glumes and between the florets; glumes about equal, longer
than the first floret and usually exceeding the upper one; lemmas indurate,
except near the tip, 5--9-nerved, bidentate at tip, bearing a dorsal, bent,
and twisted awn which is much reduced in the cultivated oat. (Old Latin
name for the oat.)

A. fatua L.
Wild Oat
Annual; culm 3-12 dm. tall; leaves numerous, the blades flat, 1-3 dm.
long, 5--15 mm. wide; panicle loose and open, 1-3 dm. long, the rachilla and
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lower part of the lemmas with brownish hair; lemmas 12-20 mm. long;
awn 1~0 mm. long.
Introduced in southeastern Alaska. (Fig. 110.)
A. sativa L., the cultivated oat, has usually smooth lemmas, 2-flowered
spikelets, and the awn straight or wanting. It is occasionally found along
roadsides.
19. TRISETUM Pers.

Tufted perennial grasses; leaf-blades flat; inflorescence a spike-like,
contracted, or open panicle; spikelets usually 2-3, rarely 4- or 5-flowered,
the rachilla extending beyond the florets; glumes unequal, acute, entire
at the apex, awnless, persistent; lemmas 2-toothed at the apex, the teeth
acuminate and often bristle- or awn-pointed; awn often twisted and inserted below the apex on the back of the lemma. (Latin, referring to the
awn and the two sharp teeth of the lemma.)
lA. Glumes nearly equal .......................................................... !. T. spicatum
2A. Second glume much longer than the first.
lB. Panicle lax or drooping ................................................ 2. T. cernuum
2B. Panicle dense .................................................................. 3. T. sibiricum
1. T. spicatum (L.) Richt.
T. subspicatum Beauv.
T . alaskanum Nash.

Downy Oat-grass

Culms densely tufted, 15-50 cm. tall; sheaths and usually the blades
puberulent; panicle dense and spike-like, often interrupted at the base,
pale or more often purplish, 5-15 cm. long; spikelets 2-3-flowered, 5-6 mm.
long; glumes somewhat unequal, acute or acuminate; lemmas 4-5 mm.
long, the teeth setaceous; awn 5-6 mm. long, bent and twisted.
An arctic-alpine plant of cosmopolitan distribution and exceedingly
variable. (Fig. 111.)
Nodding Trisetum
2. T. cernuum Trin.
Culms 6-12 dm. tall; leaves thin, flat, 1-2 dm. long, 4-8 mm. wide;
panicle open, lax, drooping, 1-3 dm. long, the branches verticillate, flexuous, spikelet-bearing toward the ends; spikelets 6-12 mm. long, 2-3-flowered; lemmas 5-6 mm. long, the teeth setaceous, the awn twice as long as
the lemmas.
Woods, southeastern Alaska-Ida.-Calif. (Fig. 112.)
3. T. sibiricum Rupr.

Siberian Trisetum

Culms erect, simple, smooth, 3-6 dm. tall; sheaths glabrous; leaves
sometimes sparingly hairy; panicle contracted, 5-10 cm. long, brownish,
shining; spikelets 5-10 mm. long, mostly 3-flowered; second glume much
longer than the first; lemmas brown, about 5 mm. long; awn twisted and
curved, 4-7 mm. long.
An Asiatic species. The plant here described and figured is the arctic
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form which is found on the tundra in the northern part of the Bering Sea
region. (Fig. 113.)
20. DESCHAMPSIA Beauv.

Mostly perennial grasses; panicles contracted or open; spikelets shining, pale or purplish, 2-flowered, the rachilla articulated above the glumes
and prolonged beyond the florets ; glumes nearly equal, persistent, keeled,
acute; lemmas thin, almost hyaline, 2-4-toothed at the apex, bear ded at
the base, bearing a slender awn at or below the middle. (J.C. A. LoiseleurDeslongchamps was a French physician and botanist.)
IA. Glumes extending beyond the lemmas.
IB. Annual ...... ..............................................................1. D.
2B. Perennial.
IC. Panicle very narrow ....................................... 2. D.
2C. Panicle spreading ......................................... .. 3. D .
2A. Upper lemma extending to or beyond the glumes.
IB. Awn exserted, geniculate, twisted ...................4. D .
2B. Awn included or slightly exserted, nearly straight.
IC. Panicle open.
ID. Spikelets 6-7 mm. long ...........................5. D .
2D. Spikelets 3-5 mm. long ........................... 6. D.
2C. Panicle narrow ................................................. 7. D.

danthonioides
elongata
atropurpurea
flexuosa
beringensis
caespitosa
holciformis

1. D. danthonioides (Trin.) Munro.
Annual Hair-grass
D. calycina Presl.
Stems slender, erect, 15-60 cm. tall; leaves few, short, narrow; panicle
open, 7-20 cm. long, the capillary branches usually in twos, ascending,
naked below; glumes 4-8 mm. long, 3-nerved, smooth except on the keel;
lemmas smooth, shining, 2-3 mm. long, those of the base floret and the
rachilla pilose; awns geniculate, 4-6 mm. long.
Probably introduced; Alaska-Mont.-Lower Calif. Also in Chile.
2. D. elongata (Hook.) Munro.

Slender Hair-grass

Culms densely tufted, erect, slender, 3-12 dm. tall; leaves 1-1.5 mm.
wide, those of the basal tuft filiform; panicle very narrow, 1-3 dm. long,
• the capillary branches appressed; glumes 3-nerved, 4-6 mm. long, equaling or exceeding the florets; lemmas 2-3 mm. long, pilose at base, finely
toothed at apex; rachilla pilose; awn inserted near the base of the lemma,
4-6 mm. long.
Alaska-Wyo.-Calif.-Mexico. Also in Chile. (Fig. 114.)
3. D. atropurpurea (Wahl.) Scheele.
Vahlodea atropurpurea (Wahl.) Fr.

Mountain Hair-grass

Culms loosely tufted, purplish at base, 3-8 dm. tall; leaves flat, 2-6
mm. wide; panicle loose, open, 5-10 cm. long; spikelets mostly purplish,
broad; glumes about 5 mm. long, broad, exceeding the florets; lemmas
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about 2.5 mm. long; awn attached at about the middle, bent. Our plant
differs from the eastern American and European form in having wider
leaves, upper part of inflorescence hairy, and shorter callus hairs which
are one-third to one-half as long as the lemma. It was described as var.
paramushirensis Kudo (ssp. paramushirensis Hult.) (var. latifolia
Scribn.).
Var. patentissima has large panicle branches in verticels of 4-6, the
lower up to 15 cm. long and bearing spikelets only on the distal fourth of
their length.
The Pacific form occurs in the coastal districts of eastern Asia around
the Bering Sea and south to Calif. (Fig. 115.)
4. D. flexuosa (L.) Trin.
Wavy Hair-grass
Sterns densely tufted, erect, slender, 3-8 drn. tall; leaves numerous,
mostly in a basal tuft, the sheaths scabrous, the blades involute, slender
or setaceous, flexuous ; panicle open, nodding, 5-12 cm. long, spikelets
4-5 mm. long, purplish or bronze; glumes 1-nerved, acute; lemmas scabrous, the callus hairs about 1 mm. long, awn attached near the base; awn
geniculate, twisted, 5-7 mm. long.
Attu and Sitka-Greenl.-N. Car.-Okla. Also Eurasia, S. Arn., E.
Africa.
5. D. berin gensis Hult.
Bering Hair-grass
D. bottnica Am. auct. not Trin.
Culrns tufted, 3-12 dm. tall; leaves 1.5-4 mm. wide; panicle 7-20 cm.
long, open, nodding, the branches scabrous; spikelets often 3-flowered,
6--7 mm. long; glurnes about reaching to the top of the second floret , narrow, acute; lemmas 4-5 mm. long with long hairs at the base; palea scabrous. Hybridizes with D. caespitosa giving rise to intermediate forms.
Eastern Asia-Aleutian and Pribilof Islands-Ore. (Fig. 116.)
6. D . caespitosa (L.) Beauv.
Tufted Hair-grass
D. alaskana L. & M.
Culrns in dense tufts, ·e rect, 2-12 dm. tall; panicle 1-3 dm. long, loose,
open, nodding; spikelets 3-5 mm. long, pale or purple-tinged, the rachilla
joint half the length of the flower floret; glumes acute, 3-4.5 mm. long, lemmas 2.5-3.5 mm. long; awn about as long as, or slightly exceeding the
lemma. A very variable species of circumboreal distribution. (Fig. 117.)
Hulten recognizes two forms as sufficiently distinct from the type to
be entitled to recognition. Both are usually less than 3 drn. tall. Var.
glauca (Hartrn.) Sam. (D. curtifolia Scribn.) has filiform basal leaves
which are bluish-green, the florets are very small, and the awn is fixed
close to the base of the lemma.
Ssp. orientalis Hult. Basal leaves broad, flat, usually yellowish-green.
This is the form found along the Arctic and Bering Sea Coasts.
7. D. holciformis Presl.
California Hair-grass
Culrns caespitose, 5-12 drn. tall, relatively robust; leaves mostly
basal, tightly folded or involute, firm, the lower ones long; panicle 10-25
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cm. long, rather dense, purplish to brownish; spikelets 6-8 mm. long;
glumes and lemmas scaberulous, the glumes about equaling or a little
shorter than the spikelet; lemmas awned from below the middle; awns
erect, exceeding the spikelet.
Along the coast, Ketchikan-Calif. (Fig. 118.)
21. BECKMANNIA Host.

Rather tall, more or less erect annuals; leaves flat ; inflorescence
consisting of numerous short, appressed or ascending spikes in a narrow
somewhat interrupted panicle; spikelets 1-2-fl.owered, on one side of a
slender rachis, falling off entire; glumes equal, saccate, 3-nerved; lemmas
narrow, 5-nerved, about as long as the glumes. (Johann Beckmann, 17391811, taught natural history in St. Petersburg, now Leningrad.)

B. syzigachne (Steud.) Fern.
Slough-grass
B . erucaeformis Am. A uct.
Culms 3-10 dm. long; leaf-blades 4-8 mm. wide; panicle 10-25 cm.
long; spikes crowded, 1-2 cm. long; spikelets 1-flowered, 3 mm. long;
glumes transversely wrinkled, and with a deep keel; lemma with an
acuminate apex protruding above the glumes.
Growing in mud or water, Alaska-Man.-Ill.-N. Mex.-Calif. Also
in N . Y., Ohio, Asia. (Fig. 119.)
22. DACTYLIS L.

'I'all perennial grass; panicle contracted, the spikelets crowded at the
ends of the branches in unilateral clusters; spikelets 3-5 flowered; glumes
unequal, acute, hispid-ciliate on the keel; lemmas compressed-keeled,
mucronate, 5-nerved, ciliate on the keel. (Greek, finger, referring to the
stiff branches of the panicle.)
D. glomerata L.

Orchar d Grass

Culms 6- 12 dm. tall, arising from large, dense tussocks; leaves flat,
elongate, 2- 8 mm. wide; panicles 5-20 cm. long, the branches spreading in
anthesis, appressed at maturity, the rachis hispid; lemmas about 6 mm.
long, mucronate or short-awned.
Introduced, native of Europe. (Fig. 120.)
23. DUPONTIA R. Br.

An arctic perennial grass; leaf-blades flat; panicle narrow; spikelets
2-4-flowered; glumes extending beyond the lemmas, membranous; lemmas
membranous, entire, with a tuft of hair at the base. (J. D . Dupont was a
French botanist.)
D. fischeri R. Br.
Dupontia
Culms smooth, erect, simple, 12-50 cm. tall; sheaths overlapping;
blades 3-15 cm. long, 2-4 mm. wide; panicle usually contracted, 4-12 cm.
long; spikelets mostly 2-fl.owered, 6--8 mm. long; glumes thin, generally
acute, the first 1-nerved and usually shorter than the second which is
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usually 3-nerved; lemmas 4-6 mm. long, 1-nerved or obscurely 3-nerved.
The typical form with blunt-tipped glumes and subsericeous lemmas is a
low-growing plant of the Arctic Coast. Ssp. psiLosantha (Rupr.) Hult.
(D. psilosantha Rupr.) is a taller growing form with acute glumes and
glabrous lemmas. Intermediate forms occur where both types are found.
Arctic and Bering Sea coasts. (Fig. 121.)
24. SCHIZACHNE Hack.

Rather tall perennials with simple culms and open, rather few-flowered panicles; spikelets several-flowered, disarticulating above the glumes
and between the florets; glumes unequal, 3-nerved and 5-nerved; lemmas
lanceolate, strongly 7-nerved, long-pilose on the callus, awned from just
below the teeth of the strongly bifid apex; palea with softly pubescent
submarginal keels, the hairs longer toward the summit. (Greek, schizein,
to split, plus achne, chaff, referring to the teeth of the lemma.)

S. purpurescens (Torr.) Swallen.
False Melic
Avena striata Michx.
Culms erect from a loosely tufted, qecumbent base, 5-10 cm. tall;
blades flat, narrowed at the base, 1-5 mm. wide; panicles about 1 dm.
long, the branches more or less drooping, bearing 1 or 2 spikelets; spikelets 20-25 mm. long; glumes purplish; lemmas about 1 cm. long, the awn
as long or longer than the lemma.
Woods, southern Alaska-Newf.-Penn.-S. Dak.-Mont.-N. Mex.
-B. C.-Siberia-Japan. (Fig. 122.)
25. COLPODIUM Trin.

Annual or perennial grasses; leaf-blades flat or almost setaceous;
panicles diffuse, pyramidal, the branches capillary; spikelets 1-6 flowered,
often colored, the rachilla disarticulating above the glumes and between
the florets; glumes membranous or hyaline, 1-3-nerved or nerveless, obtuse or rather acute, unequal; lemmas with texture of the glumes, broad,
obtuse, more or less 5-nerved, the lateral ones short or almost obsolete;
palea almost as long as the lemma, hyaline.
Leaves 5-8 mm. broad .................................................................. 1. C. fulvum
Leaves 1 mm. or less broad .......................................................... 2. C. wrightii

1. C. fulvum (Trin.) Griseb.
Arctophila fulva (Trin.) Rupr.
A stout perennial, 2-9 dm. tall, rarely taller; culms and leaves smooth;
blades flat, pungent-pointed or sometimes obtuse, 5-25 cm. long, 5-8 mm.
wide; panicle open, ovoid, 8-15 cm. long, the branches drooping and bearing spikelets on the outer half; spikelets pedicellate, ovate or oblong,
5-6 mm. long, 4-6-flowered; first glume 1-nerved, second glume 3-nerved
and about as long as the lemma; lemmas 3-5-nerved, 3-4 mm. long. The
Arctic form of this species has the branches of the panicle ascending and
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the spikelets are smaller, often only 1 or 2-flowered. This is the var.
effusum (Lange) Polunin. There are intermediate forms.
Shallow water or mud, throughout most of our territory. Circumpolar.
(Fig. 123.)
2. C. wrightii Scribn. & Merr.
Poa wrightii (Scribn. & Merr.) Hitchc.
Densely caespitose perennial, glabrous, 3-5 dm. tall; basal leaves
rather short, linear, involute, about 5 cm. long, 1 mm. or less wide, those
of the culm shorter; panicles open, purplish, 4-9 cm. long, the branches
glabrous, the lower ones usually in pairs, spreading or ascending; spikelets 3- or 4-flowered, 6-8 mm. long; glumes unequal, the first 1.5-2.5 mm.
long, the second 2.5-3.5 mm. long, obtuse, 3-nerved; lemmas lanceolate,
rather obtuse, 4.5-5 mm. long, quite prominently 5-nerved, appressed
silky-pubescent on the back toward the base, glabrous above.
Seward Peninsula and eastern Asia.
26. MELICA L.

Moderately tall perennial grasses with the base of the culm often
swollen into a corm; spikelets 2-several-flowered, the rachilla disarticulating above the glumes and between the fertile florets, prolonged beyond
the perfect florets and bearing at the apex 2 or 3 smaller empty lemmas
each enclosing the one above; glumes somewhat unequal, thin, papery,
scarious-margined, 3-5-nerved, sometimes nearly as long as the lower
lemma; lemmas convex, membranous or rather firm, scarious-margined,
usually awnless. (Italian for a sorghum, from the Greek, mel, honey.)

M. subulata (Griseb.) Scribn.
Alaska Onion-grass
Bromus subulatus Griseb.
Culms 6-12 dm. tall, mostly bulbous at the base; leaves thin, usually
2-5 mm. wide; panicle usually narrow, the branches appressed or sometimes spreading; spikelets narrow, 15-20 mm. long, loosely severalflowered; glumes narrow, obscurely nerved; lemmas prominently 7nerved, narrowed to an acuminate point, awnless, the nerves more or less
pilose-ciliate.
Apparently rare, Unalaska-Wash.-Mont.-Wyo.-Calif. [Fig. 124.
(From a Wash. specimen).]
27. GLYCERIA R. Br.

Mostly perennial aquatic or marsh grasses with flat leaves and paniculate inflorescence; spikelets few-many-flowered, subterete or slightly compressed, the rachilla disarticulating above the glumes and between the
florets; glumes unequal, short, usually scarious; lemmas broad, convex
on the back, firm, scarious at the apex, 5-9-nerved; palea 2-keeled. (Greek,
sweet, the seed of the type species being sweet.)
lA. Spikelets linear, more than 1 cm. long.
lB. Lemmas glabrous between the nerves ................ l. G. borealis
2B. Lemmas scaberulous between the nerves .......... 2. G .. leptostachya
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2A. Spikelets less than 1 cm. long.
lB. Lemmas appearing to be 5-nerved ...... .. .... ... .. ..... 3.
2B. Lemmas plainly 7-nerved.
lC. Lemmas less than 2 mm. long .... .. ..... ... .. ..... .....4.
2C. Lemmas more than 2 mm. long.
lD. Culms usually more than 1 m. tall ..... .....5.
2D. Culms less than 1 m . tall ... ..... ..... ... ..... ....... 6.
1. G. borealis (Nash) Batch.
Panicularia borealis Nash.

G. pauciflora
G. striata
G . grandis
G. pulchella

Northern Manna-grass

Culms glabrous, 6-15 dm. tall; sheaths smooth or slightly scabrous,
keeled; blades flat, or usually folded, 1-2 dm. long, 2-4 mm. or more wide;
panicle narrow, 2-4 dm. long, the branches and slender pedicels appressed; sp_ikelets narrow, 10-15 mm. long, 6-12-flowered; glumes about
1.5 and 3 mm. long; lemmas 3-4 mm. long, 7-nerved, smooth except on
the scabrous nerves.
In shallow water, central Alaska-Newf.-Conn.-Iowa-N. Mex.Calif. (Fig. 125.)
Davy Manna-grass
2. G. leptostachya Buckl.
Culms 1-2 m. tall, rather stout or succulent; leaves flat, scaberulous
on the upper surface, 4-10 mm. wide; panicle 2-6 dm. long, narrow with
ascending branches; spikelets 1-2 cm. long, 8-14-flowered, often purplish;
lemmas firm, broadly rounded toward the apex, about 3 mm. long, scaberulous both on the nerves and in between.
Wrangell-central Calif. (Fig. 126.)
3. G. pauciflora Presl.
Panicularia pauciflora (Presl.) Kuntze.

Weak Manna-grass

Culms 5-12 dm. long, from a decumbent, rooting base; leaves thin,
fl.at, scabrous, mostly 10-15 cm. long, 5-15 mm. wide; panicle 10-25 cm.
long, the branches usually more or less flexuous, the spikelets crowded on
the upper half; spikelets 4-6 mm. long, 4-8-flowered; glumes short, broad;
lemmas scabrous, about 2 mm. long, rounded and somewhat erose at the
summit, prominently 5-nerved, the 2 marginal nerves short and inconspicuous.
Central Pacific Coast region of Alaska-S. Dak.-Colo.-N. Mex.Calif. (Fig. 127.)
4. G. striata (Lam.) Hitchc. ssp. stricta (Scribn.) Hult.
Fowl Manna-grass
Panicularia nervata (Willd.) Kuntze var. stricta Scribn.
Culms 3-5 dm. tall, erect; blades 5-15 cm. long, 2-4 mm. wide; panicle
about 1 dm. long; spikelets about 3 mm. long, 4-6-flowered; glumes about
0.5and1 mm. long; lemmas 1.5-2 mm. long, prominently 7-nerved, usually
purplish, scarious tip inconspicuous; palea about as long as the lemma.
Central Alaska-Labr.-Newf.-N. Hamp.-Iowa-N. Mex.-Ariz.-
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northern Calif. The type form is found in eastern America and extends
to northern Florida.
5. G. grandis S . W ats.
American Manna-grass
G. maxima (Hartm.) Holmb. ssp. grandis (S. Wats) Hult.
Panicularia americana (Torr.) MacM.
Culm stout, glabrous, 1-2 m. tall; blades flat, 15-35 cm. long, 6-15
mm. wide; panicle 2-4 dm. long, very compound and spreading; spikelets
5-8 mm. long, 4-7-flowered; glumes scarious; lemmas purplish, about
2.5 mm. long.
Central Alaska-Pr. Edward Isl.-Tenn.-N. Mex.-Nev.-eastern
Ore. (Fig. 128.)
6. G. pulchella (Nash) K. Schum.
Culms 4-6 dm. tall, stout, smooth; leaves crowded, blades 15-30 cm.
long, 2.5-5 mm. wide, long-acuminate; panicle open, 15-30 cm. long, naked
toward the base; spikelets 5-6 mm. long, 4-6-flowered; glumes brownish or
purplish, scarious-margined, obtuse, much shorter than the lemmas; lemmas usually purplish, with broad hyaline margins above, strongly but
minutely hispidulous, prominently 7-nerved, about 3 mm. long.
Central Alaska-Mack.-Alta.-B.C.
28. PUCCINELLIA Parl.

Spikelets several-flowered, usually terete or only slightly flattened,
the rachilla disarticulating above the glumes and between the florets;
glumes unequal; lemmas rounded on the back, usually 5-nerved, scarious
and often erose at the tip; palea nearly equaling the lemma. Our species
are tufted perennials with narrow or open panicles. Closely related to
Poa and Glyceria, the species often being listed under one or the other
of those genera. The treatment of the genus here followed is that of Mr.
Jason R. Swallen in a paper recently published in the Journal of the
Washington Academy of Sciences. (Puccinelli was an Italian botanist.)
lA. Anthers 1.8-2 mm. long .................................... ......... 1. P. phryganodes
2A. Anthers less than 1.5 mm. long.
IB. Panicle branches distinctly scabrous.
lC. Anthers 0.3-0.5 mm. long ...... ....................... 2. P. hauptiana
2C. Anthers 0.7- 1.5 mm. long.
lD. Lemmas 3-4 mm. long, anthers 1.3-1.5 mm. long.................. ..
.................................................................... 3. P . grandis
2D. Lemmas 2- 3 mm. long, anthers less than 1 mm. long .......... ..
...... .................................... .......................... 4. P. borealis
2B. Panicle branches glabrous or only very sparsely scabrous.
lC. Lemmas 3.5-4 mm. long, anthers 1.2-1.5 mm. long.
lD. Panicle branches ascending, elongate .... 5. P . glabra
2D. Panicle branches stiffly spreading or reflexed.
lE. Spikelets 2- or 3-flowered ................. 6. P. triflora
2E. Spikelets 4- 8-flowered ....................... 7. P. andersoni
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2C. Lemmas about 3 mm. long or less.
lD. Anthers 0.3-0.6 mm. long.
lE. Lemmas about 3 mm. long, culms up to 30 cm. tall ... ........ .
.... .. .. ....... .. .... ..... .... .. ... ......... .. ..... .... .... . .. 8. P. alaskana .. ..
2E. Lemmas 2-2.5 mm. long, culms less than 2 dm. tall ... .........
....... ....... .... ... .... ... ................... ....... ....... . 9. P. paupercula
2D. Anthers mostly 0.8-1 mm. long.
lE. Palea longer than the lemma ........ ... 13. P. kamtschatica
2E. Palea as long as or slightly shorter than the lemma.
lF. Panicle branches slender, usually closely appressed ....
........ .. .. ...... ............ .. .... ... .. ... .... .. ...... 12. P. nutkaensis
2F. Panicle branches stout, stiffly spreading or reflexed,
naked in the lower half.
lG. Culms stout, erect from a decumbent base ...... ..... .
..... ... ..... .. ....... ... ... .. ... ........ ....... .. 10. P. hulteni
2G. Culms relatively slender, erect or ascending,
densely tufted .......... .. .... .. ..... 11. P. pumila
1. P. phryganodes (Trin.) Scribn. & Merr.

Creeping Alkali-grass

Culms 5-15 cm. tall and in addition creeping decumbent culms resembling stolons, up to 4 dm. long; leaves short, rarely more than 4 cm.
long and 1 mm. wide; panicle 1-4 cm. long, barely exserted, with comparatively few spikelets; spikelets 5-8 mm. long, 3-6-fl.owered; second
glume nearly as long as the lemmas; lemmas 3-4 mm. long. Easily distinguished from the other species by the stolon-like culms and the long
anthers. Fruits more freely in the northern parts of its range.
Saline or brackish flats along the coast, circumpolar. (Fig. 129.)
2. P. hauptiana Krecz.

Haupt Alkali-grass

Densely tufted; culms 2-6 dm. tall; leaf-blades 1.5-2 mm. wide, loosely
involute; panicle 4~16 cm. long, the branches ascending, spreading or
reflexed; spikelets 3-5 mm. long, 3-6-fl.owered; first glume 1 mm. long;
second glume 1.5 mm. long, mostly obtuse, laciniate; lemmas 2 mm. long
or less, obtuse, laciniate.
Siberia-Alaska-Alta. (Fig. 130.)
3. P. grandis Swallen.
Large Alkali-grass
Culms 4-9 dm. tall, erect or geniculate at the lower nodes; leaf-blades
0.5-3 mm. wide, fl.at or involute on drying; panicles 1-2 dm. long, the
branches at first appressed but later spreading; spikelets appressed ,
tinged with purple, 8-15 mm. long, 5-12-fl.owered; first glume 2-3 mm.
long, subacute; second glume more than 3 mm. long, obtuse; lemmas 3-4
mm. long, sparsely pilose at the base.
Salt marshes, southwestern Alaska-Calif. (Fig. 131.)
4. P. borealis Swallen.
Northern Alkali-grass
Culms 3-7 dm. tall, erect from a decumbent base; leaf-blades 1-2 mm.
wide, fl.at, glabrous below, scabrous above; panicles 1-2 dm. long, the
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slender branches ascending to reflexed, in rather distant fasicles of 2-5;
spikelets 4-6 mm. long, 4-6-fiowered, usually purplish; first glume more
than 1 mm. long; second glume less than 2 mm. long; lemmas 2-3 mm.
long, minutely erose-ciliolate; anthers 0.6-0.7 mm. long.
Along coast and rivers, Alaska and Yukon. (Fig. 132.)
5. P. glabra Swallen.

Smooth Alkali-grass

Culms 25-40 cm. tall, erect or decumbent at the base; leaf-blades
1.5-3 mm. wide, fiat or involute toward the tip, glabrous; panicles mostly
1-2 dm. long, the glabrous branches 4-10 cm. long, naked at the base;
spikelets appressed, pale or purplish, 8-10 mm. long, 5-7-flowered; first
glume 2-3 mm. long; second glume 3-4 mm. long, obtuse, minutely ciliolate;
lemmas 3.5-4 mm. long, rather thin and shining, the nerves obscure.
Tidal flats, Alaska Peninsula-Kenai Peninsula-Kodiak Isl.
6. P. triflora Swallen.

Three-flowered Alkali-grass

Culms densely tufted, erect, 45-60 cm. tall; leaf-blades 1-1.5 mm.
wide, soft, glabrous, flat or becoming involute; panicles 15-20 cm. long,
the glabrous branches in rather distant fasicles of 2-5, naked at the base;
spikelets appressed , deeply tinged with purple, 5-7 mm. long, 2 or 3-flowered; first glume 1.5-3 mm. long; second glume 2.5-4 mm. long; lemmas
3.5-4 mm. long, the nerves evident.
Shores of Cook Inlet.
7. P. cmdersoni Swallen.

Anderson Alkali-grass

Culms densely tufted, 15-40 cm. tall, erect from a decumbent base,
shorter culms arising from the sides; leaf-blades 1-3 mm. wide, flat and
soft; panicle 4-10 cm. long, the branches ascending or spreading, slightly
scabrous, bearing 1-3 or up to 5 appressed spikelets, spikelets up to 1 cm.
long, 4-8-flowered; first glume about 2 mm. long, acute; second glume
2.5-3 mm. long, acute; lemmas 3-3.5 mm. long, acute, erose, sparsely
pilose at the base and lower part of the prominent nerves.
Known only from Point Lay on the Arctic coast. (Fig. 133.)
8. P. alaskana Scribn. & Merr.

Alaska Alkali-grass

Culms 6-30 cm. tall; leaf-blades 1-2 mm. wide, shorter than, to longer
than the culms, usually soft and flat; panicle contracted, 2-9 cm. long;
spikelets 4-6 mm. long, 3-5-flowered; first glume 1-1.5 mm. long, acute;
second glume 2-2.5 mm. long, obtuse; lemmas 2.5-3 mm. long, rather
prominently 5-nerved, appressed ciliolate on the nerves below.
Along the coast, Aleutian Islands and Bering Sea region. (Fig. 134.)
9. P. paupercula (Holm) Fern. & Weath.
Arctic Alkali-grass
Culms 5-20 cm. tall, longer than the leaves; leaf-blades 0.5-1 mm.
wide, rather stiff and often curved; panicles 1-7 cm. long, few-flowered;
spikelets 4-8 mm. long, 3-5-flowered; first glume 1-1.5 mm. long; second
glume 1.5-2 mm. long; lemmas 2-2.5 mm. long, elliptic to ovate, erase.
Aleutians and eastern Asia through arctic America. (Fig. 135.)
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10. P. hulteni Swallen.
Hulten Alkali-grass
Culms 3-4 dm. tall; leaf-blades 0.5-2.5 mm. wide, mostly involute;
panicle 6-14 cm. long, the branches ascending, spreading, or reflexed;
spikelets 5-6 mm. long, 3-5-flowered; first glume 1.5-2 mm. long, acute,
slightly keeled; second glume 2-2.5 mm. long, slightly keeled and with
strong lateral nerves; lemmas 2.5-2.8 mm. long, minutely toothed.
Beaches, Kodiak Island-southeastern Alaska. (Fig. '136.)
11. P. pumila (Vasey) Hitchc.

Small Alkali-grass

Culms erect or somewhat decumbent at the base, 1-3 dm. tall; leafblades flat, scaberulous, 1-2.5 mm. wide; panicles 2.5-15 cm. long, the
short branches usually stiffly ascending to reflexed, bearing only one to
a few spikelets; spikelets 5-7 mm. long, 3-6-flowered; first glume 1.5-2.5
mm. long; second glume 2.5-3 mm. long; lemmas about 3 mm. long, rather
abruptly narrowed toward the apex, the nerves conspicuous, sparsely
pubescent on the callus.
Along the coast, Kodiak Isl.-Vancouver Isl. (Fig. 137.)
Pacific Alkali-grass
12. P. nutkaensis (Presl) Fern. & Weath.
Culms 2-6 dm. tall, usually erect; leaf-blades 1-2 mm. wide, flat or
loosely involute; panicle narrow, 5-20 cm. long, the few slender branches
appressed; spikelets 6-9 mm. long, 4-9-flowered; glumes about 1.5 mm. and
2.5 mm. long; lemmas about 3 mm. long, narrowed to an obtuse apex
which is erose or minutely fimbriate.
Along the coast, Aleutian Islands-Calif. (Fig. 138.)
13. P. kamtschatica Holmb. var. sublaevis Holmb.
Culms erect or somewhat decumbent at the base, 12-25 cm. tall; leafblades rather soft, smooth, flat or involute on drying, 2 mm. or less wide;
panicle 4-10 cm. long, the branches narrowly ascending or later spreading, spikelet-bearing on the upper half; spikelets 3-4 mm. long, 3- or 4flowered; first glume about half as long as the lemmas; second glume
much broader and obtuse; lemmas about 2 mm. long, obtuse, glabrous.
Cold wet soil, Kamtchatka-southeastern Alaska.
29. POA L.

Grasses with contracted or open paniculate inflorescence and narrow, flat, folded, or involute leaves with a boat-shaped tip. Spikelets 2-6flowered, flat, the rachilla disarticulating above the glumes and between
the florets, the uppermost floret rudimentary; glumes acute, keeled, the
first usually 1-nerved, the second 3-nerved; lemmas somewhat keeled,
awnless, membranous, often scarious at the tip, 5-nerved, the nerves
sometimes pubescent. (Greek for a grass.)
lA. Low grasses, usually 3 dm. tall or less.
lB. Plants annual ........... :......................................... 1. P. annua
2B. Plants perennial.
lC. Spikelets 2-4-flowered.
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lD. Stolons present.
lE. Lower branches of panicle usually in twos ... ............ .... ..... ..
......... ......... .... ........ ..... .. ......... .... .... ..... .12. P. arctica
2E. Lower branches of panicle in twos-fours .. .... ....... ....... ....... .
...................... ..... ......... .... ..... .:..... ........ 13. P. irrigata
2D. Plants tufted, not stoloniferous.
lE. Coma at base of lemma copious ... ....15. P. leptocoma
2E. Coma at base of lemma lacking.
lF. Panicle branches slender, capillary ....... .. ... ...... ............. .
........................ ...... ...... .. ...... ... .......19. P. brachyanthera
2F. Panicle branches erect or appressed.
lG. Spikelets 5-6 mm. long .......24. P. glauca
2G. Spikelets 4-5 mm. long ... ....25. P. rupicola
2C. Spikelets 3-5-9-flowered.
lD. Plants with stolons.
lE. Plants dioecious ... ............. ........ .... ..... 3. P. confinis
2E. Plants with perfect flowers.
lF. Culm flat with sharp edges ... .... 2. P. compressa
2F. Culm terete or slightly flattened.
lG. Panicle nodding, lemmas 6 mm. long ...... ............... .
.......... .... .... ..... ........ ..... ..... .. .... 6. P. turneri
2G. Panicle erect, lemmas shorter... ............... ................. .
........ ........ .... ....... .... ....... .......... 23. P. komarovii
2D. Plants tufted, not stoloniferous.
lE. Spikelets but little compressed, much ·longer than wide
............... ... ....... ... ... .... ... .. .......... .......... 27. P. sandbergii
2E. Spikelets decidedly compressed.
lF. Leaves about I mm. wide .... ....... 20. P. abbreviata
2F. Leaves 2-5 mm. wide.
IG. Panicle compact .. ... ...... .. ...... 2I. P. alpina
2G. Panicle open ......................... I8. P. merrilliana
2A. Medium and tall perennial grasses more than 3 dm. high.
lB. Plants with stolons.
lC. Spikelets 2-4-flowered.
ID. Glumes 6- 8 mm. long, nearly as long as the spikelet ...... ....... .
....... .... .. .. ........... .... ...... ...... .. .. .................... 8. P. macrocalyx
2D. Glumes decidedly shorter than the spikelet .. ..... ....... ..............
........... ................... ..... ...... .. ........ ... .. .... ...... 4. P. laxiflora
2C. Spikelets 3-5-9-flowered.
lD. Culm strongly flattened, 2-edged
2. P. compressa
2D. Culm terete or slightly flattened.
IE. Lemmas 5-7 mm. long.
IF. Leaves 4-8 mm. wide ..... .. ... .... ... 7. P. eminens
2F. Leaves narrower.
IG. Lemmas lanate-pubescent on lower part.
IH. Panicle nodding, spikelets green ....... .. ,............. .
.... .. .... ...... ...................... .... 6. P. turneri
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2H. Panicle usually erect, spikelets violet or grayish ................................... 5. P. lanata
2E. Lemmas shorter.
lF. Lemmas lanate-pubescent on lower part ..................... .
...................................................... 9. P. norbergii
2F. Lemmas smooth or scabrate, not lanate between the
nerves.
lG. Panicle branches 2-4 (mostly 4) in lowest whorl
................................................ 11. P. eyerdamii
2G. Panicle branches 3-5 (mostly 5) in lowest whorl
................................................ 10. P . pratensis
2B. Plants tufted, without stolons.
lC. Spikelets 2-4-flowered.
lD. Lemmas about 4 mm. long, spikelets more than 5 mm. long.
lE. Spikelets much flattened ............ ..... 15. P. leptocoma
2E. Spikelets but little flattened ........... 26. P. hispidula
2D. Lemmas about 3 mm. long or less, spikelets less than 5 mm.
long.
lE. Panicle erect, narrow .................. .....24. P. glauca
2E. Panicle open.
lF. Lemmas glabrous or the keel slightly pubescent ........
......................................................14. P . trivialis
2F. Lemmas pubescent on the keel and marginal nerves.
lG. Glumes about as long as the first lemma ................. .
................................... ........ .....16. P . n emoralis
2G. Glumes shorter than the first lemma ........................
................................................17. P. palustris
2C. Spikelets 3-7-flowered.
lD. Spikelets 8-10 mm. long, 4-7-flowered ............ ............................
..................................................................29. P . am pla
2D. Spikelets 6-8 mm. long, 3-5-flowered.
lE. Lemmas about 4 mm. long...............28. P. canbyi
2E. Lemmas about 5 mm. long............... 22. P. stenantha
Annual Bluegrass
1. P. annua L.
Tufted, often decumbent, rooting at the nodes and forming mats;
culms 5-25 cm. tall; leaf-blades soft, flat, lax, 1-3 mm. wide; panicle open,
3-7 cm. long; spikelets crowded, 3-6-flowered, about 4 mm. long; lemmas
2.5-3 mm. long, not webbed at base, 5-nerved, the nerves more or less
pubescent on the lower half.
A weed, probably introduced from Europe but widespread and common in Alaska. (Fig. 139.)
2. P. compressa L.
Canada Bluegrass
Culms 15-60 cm. tall, pale bluish-green, solitary or a few together,
decumbent at the base, strongly flattened, with long creeping rhizomes;
leaves rather short, 1-4 mm. wide; panicle narrow, 3- 7 cm. long, the
short branches usually in pairs; spikelets 4- 7 mm. long, 3- 9-flowered;
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glumes 2-3 mm. long; lemmas firm, 2-3 mm. long, the keel and marginal
nerves sparingly pubescent; web at base scant or wanting.
Roadsides, central and southeastern Alaska. Introduced. Native of
Eurasia. (Fig. 140.)
3. P. confinis Vasey

Dune Bluegrass

Plants dioecious, the two kinds similar; culms often geniculate at the
base, usually less than 15 cm. tall, sometimes much taller; sheaths and
involute blades smooth, firm , narrow; panicle narrow, contracted, 1-3 cm.
long; spikelets 4-5 mm. long, 3-4-flowered; glumes unequal; lemmas 3 mm.
long, scaberulous, sparsely webbed at base, the nerves faint.
Sand dunes and sandy meadows near the coast, B. C.-Calif. Reported as growing in southeastern Alaska.
4. P. laxiflora Buckl.
P. leptocoma elatior Scribn. & Merr.

Loose-flowered Bluegrass

Culms scabrous, 10- 15 dm. tall; sheaths slightly scabrous, leaves
lax, 2-4 mm. wide; panicle loose, open, 10-15 cm. long, nodding or drooping; lower branches in whorls of 3 or 4; spikelets 5-6 mm. long, 3-4-flowered; lemmas about 4 mm. long, webbed at base, sparsely pubescent on
lower part of nerves.
Southeastern Alaska-western Ore.
5. P. lanata Scribn. & Merr.

Lanate Bluegrass

Culms erect, 25-40 cm. tall, from creeping rootstocks; leaves glaucous,
scabrous, rather rigid, 2-4 mm. wide, acute and hooded at the apex; panicle
open, 5-12 cm. long, the branches usually in twos; spikelets ovate, acute,
purplish or brownish, 8- 10 mm. long, 3-6-flowered; glumes acute, 3-nerved,
scabrous on the keel; lemmas 6-7 mm. long, with broad hyaline margins,
5-nerved, obtuse, densely webby on the lower half, strigose above. Viviparous forms are frequent.
Aleutian Islands-Lake Athabasca-B. C. (Fig. 141.)
6. P. turneri Scribn.

Turner Bluegrass

Culms leafy, 2-4 dm. tall, from creeping rhizomes; leaves 3-5 mm.
wide, 4-8 cm. long; panicles 6-9 cm. long, plumose and nodding; spikelets 7-10 mm. long, usually 3-flowered; glumes long and narrow; lemmas
acute, about 6 mm. long, copiously pubescent on the keel and lower part
of lateral nerves, less so between the nerves; coma at base copious. A
beautiful grass.
Kenai Peninsula and Aleutian Islands. (Fig. 142.)
Large-flowered Spear-grass
7. P . eminens Presl.
P . glumaris Trin.
P. trinii Scribn. & Merr.
Culrns glaucous, 4-10 dm. tall from creeping rootstocks; leaves thick,
4-8 mm. wide; panicle dense, 1-2 dm. long, contracted; spikelets 10-14
mm. long, 3-6-flowered; glumes up to 1 cm. long; lemmas 5-6 mm. long,
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laciniate at the hyaline tip, pubescent at the base and lower part of the
midrib and nerves.
All of our beaches except the high Arctic-Vancouver Island. Also
Labr.-Que. (Fig. 143.)

8. P. macrocalyx Tr. & Mey.
Large-glumed Bluegrass
Culms smooth, up to 8 dm. tall; leaves fiat, 2-5 mm. wide; panicle
op~n, 1-2 dm. long, the lower branches· in whorls of 3-5, spikelet-bearing
near the ends; spikelets 6-9 mm. long, 2-4-fiowered; glumes 3-nerved,
narrow and long-acuminate, 6-8 mm. long, reaching to the apex of the
second lemma; lemmas 5-6 mm. long, webbed at base, densely whitehairy on keel and marginal nerves.
Prince William Sound-Aleutian Islands-eastern Asia. (Fig. 144.)
9. P. norbergii Hult.

N"orberg Bluegrass

Stoloniferous; culms 5-7 dm. tall, glabrous; culm leaves 3 or 4, 6-8
cm. long, 3.5-4 mm. wide, the upper surface mmutely scaberulous, lower
surface and margins scabrous; glumes 1-nerved, glabrous, glaucous, with
wide hyaline margins, the apex tinged violet, the lower lanceolate, the
upper ovate to acute lanceolate-ovate; lemmas minutely and densely
scaberulous, sparsely long-pilose below, the keel and lateral nerves pilose
for two-thirds their length.
Known only from Hoonah.
10. P. pratensis L.

Kentucky Bluegrass

Culms erect, 3-10 dm. tall, from creeping rhizomes; leaves fiat or
folded, 2-4 mm. wide, the basal often elongated; panicle open, the
branches in fascicles of 3-5, ascending or spreading, naked below; spikelets
3-5-fiowered, 3-6 mm. (mostly 4-5 mm.) long; lemmas about 3 mm. long,
copiously webbed at base, silky pubescent on the keel and marginal
nerves, the intermediate nerves prominent but glabrous. A very variable
species and giving rise to many forms, some of which may be hybrids.
The cultivated form has probably been introduced but the var. alpigena
E. Fries [P. alpigena (E. Fr.) Hartm.J is native and in the far north has
given rise to viviparous forms. On the average it is not so tall as the typical
form, the culms arise singly and do not form mats, the leaves are narrower
and the spikelets purplish. The var. angustifolia (L.) Kunth has been
collected at Seward. It has basal shoots with long, narrow, involute leaves
and was probably introduced.
The entire species is circumboreal. (Fig. 145.)
11. P. eyerdamii Hult.

Eyerdam Bluegrass

Rhizomes long-creeping; culms 5-7 dm. tall, slender, glabrous; leaves
about 2 mm. wide, the margins and under surface smooth, the upper surface minutely scaberulous; panicles 10-15 cm. long; glumes 1-2-nerved,
glabrous with hyaline margins and scaberulous keel; lemmas minutely
scaberulous, webbed at base, the lower two-thirds of the keel and one-
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third of the lateral nerves white-pilose, glabrous between; intermediate
nerves indistinct, anthers 1.4-1.9 mm. long.
Kodiak Island and Prince William Sound region.
Arctic Bluegrass
12. P . arctica R. Br.
P . cenisia All.
Culms loosely tufted, erect from a decumbent base, 1-3 dm. tall;
leaves mostly basal, flat or folded, 1-4 mm. wide, a single culm-leaf at
· about the middle of the culm; panicle open, 5-10 cm. long, the lower
branches usually 2, spreading or even reflexed; spikelets 2-4-flowered,
5-8 mm. long; lemmas densely villous on keel and marginal nerves, pubescent on lower part between the nerves; webbing at base very variable.
A form with short runners and with long cobweb-like coma at the base
of the lemmas is the ssp. williamsii (Nash) Hult. (P. williamsii Nash).
Another form with long slender culm and involute leaves has been described as ssp. longiculmis Hult. There are also viviparous forms.
Circumpolar. (Fig. 146.)
13. P. irrigata Lindm.
Stoloniferous; culms 12-40 cm. tall, solitary or a few at the ends of the
stolons, glaucesent; leaves clustered on innovations at the base of the culm,
less than 1 dm. long, culm-leaf short; panicle small, rather lax; spikelets
3.5-6 mm. long, 2-3-flowered, the short peduncles scabrous; glumes subequal, usually acuminate; lemmas with cobwebby base, the keel and lateral nerves pubescent; the keel of the glumes scaberulous and incurved
toward the apex.
Central and southeastern coast of Alaska, probably introduced. Described from Sweden. Range not definitely known. (Fig. 147.)
Rough Bluegrass
14. P. trivialis L.
Culms erect from a decumbent base, 3-10 dm. tall, scabrous, at least
toward the summit; leaves 2-4 mm. wide; panicle 6-15 cm. long, open, the
branches spreading or ascending; spikelets 2 or sometimes 3-flowered,
about 3 mm. long, lemmas about 2.5 mm. long, glabrous except the slightly
pubescent keel and the prominent coma at the base, nerves prominent.
Aleutian Islands-southeastern Alaska-N ewf.-Va.-S. Dak.northern Calif. Introduced from Europe. (Fig. 148.)
15. P. leptocoma Trin.
Bog Bluegrass
P. paucispicula Scribn. & Merr.
Culms solitary or a few together, smooth, rather lax, 2-6 dm. tall;
leaves flat, flaccid, 2-4 mm. wide; panicle lax, 5-10 cm. long; spikelets
narrow, 5-6 mm. long, 2-4-flowered; glumes narrow, acuminate; lemmas
3.5-4.5 mm. long, narrowly lanceolate, acuminate. Var. scabrinervis Hult.
has the keel and nerves of the lemmas scaberulous and the tuft at the
base lacking.
Boggy places, southeastern Alaska-Utah-northern Mex.-Calif.
(Fig. 149.)
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16. P. nemoralis L.

Wood Bluegrass
Culms tufted, glabrous, 3-7 dm. tall; leaves rather lax, 1-2 mm. wide;
panicle 4-12 cm. long, the branches spreading; spikelets 3-5 mm. long, 25-flowered; glumes narrow, sharply acuminate; lemmas 2-3 mm. long,
faintly 5-nerved, sparsely webbed at base, silky-pubescent on keel and
marginal nerves below.
Aleutian Islands-southeastern Alaska. Circumboreal. May have
been introduced in our territory. (Fig. 150.)
17. P. palustris L.
P. triflora Gilib.
P. crocata Michx.
Culms loosely tufted, glabrous, with decumbent, flattened, purplish
base, 3-15 dm. tall; leaves 1-4 mm. wide; panicle open, nodding, yellowishgreen or purplish, 1-3 dm. long; spikelets 3-5 mm. long, 2-4-flowered;
glumes acute; lemmas 2.5-3 mm. long, usually bronzed at the tip, webbed
at base, villous on the keel and marginal nerves, intermediate nerves
faint.
Wet or moist soil, Aleutian Islands and central Alaska south and east.
Circumboreal. (Fig. 151.)
18. P. merrilliana Htichc.
P . glacialis Scribn. & Merr. not Stapf.

Merrill Bluegrass

Densely caespitose, glabrous, 2-3 dm. tall; leaves rather broad, thin,
flat, glabrous, ascending, pale green, 4-6 cm. long, 3-4 mm. wide; panicles
3-9 cm. long, the branches flexuous with 2 or 3 spikelets near the ends;
spikelets about 7 mm. long, 5-flowered, broadly lanceolate; glumes unequal, acute, the first 3 mm. long, the second 1 mm. longer, 3-nerved;
lemmas acute, 5-nerved, 4-5 mm. long, with very few hairs on keel and
marginal nerves, not webbed at base or only slightly so.
Southeastern Alaska. (Fig. 152.)
19. P. brachyanthera Hult.
Caespitose, about 1 dm. tall; cuhn leaves 2 or 3, 1-3 cm. long, 1-1.5
mm. wide; panicle branches in twos, glabrous, bearing spikelets at the
ends; spikele~ 2-5-flowered; glumes about 2.5 mm. long, glabrous, widelanceolate, acute; lemmas with lateral nerves and keel short white-ciliate;
palea as long as the lemma; anthers about 0.5 mm. long.
Aleutian Islands to Copper River.
20. P. abbreviata R. Br.

Low Spear-grass

Culms from close tufts, 15 cm. tall or less, erect, smooth; leaves
crowded at the base, about 1 mm. wide; panicle contracted, 15-25 mm.
long, branches short and erect; spikelets about 5 mm. long, 3-5-flowered;
glumes acute, smooth; lemmas about 3 mm. long, obtuse, strongly pubescent all over.
Occurs on the Arctic Archipelago and has been reported from Alaska.
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Alpine Bluegrass
21. P. alpina L.
Culms erect from a rather thick vertical crown, 1-3 chn. tall; leaves
mostly basal, short, 2-5 mm. wide; panicle rather compact, 2-7 cm. long;
spikelets broad, purplish, 5-6 mm. long, 3-5-fl.owered; glumes broad, acute,
scabrous on the keel; lemmas 3-4 mm. long, villous on the keel and lateral nerves.
Alpine-arctic, Bering Strait east and south. Circumboreal. (Fig. 153.)
22. P. stenantha Trin.
P. acutiglumis Scribn.

Narrow-flowered Bluegrass

Cuhns tufted, 3-7 dm. tall; ligule prominent, as much as 5 mm. long;
leaves flat or slightly involute, mostly basal; panicle lax, 5-13 cm. long,
the branches in twos or threes; spikelets 3-5-fl.owered, 6-8 mm. long;
glumes 3-nerved; lemmas about 5 mm. long, copiously pubescent on lower
part of keel and marginal nerves, sparsely pubescent or glabrous between,
intermediate nerves faint. Often the spikelets produce growing plants
thus forming the var. vivipara Trin.
Aleutian Islands-Mont.-Colo.-Ore. (Fig. 154.)
23. P. komarovii Roshew.

Komarov Bluegrass

Subterranean stolons curved; cuhns not over 3 dm. tall, the base surrounded by a cylinder of hyaline sheaths; leaves relatively broad; panicle
erect or nearly so, short-pyramidal, green or the scales brown-tipped;
lemmas webbed at base and often with straight hairs between the veins
below. Has the appearance of P. alpina. Produces viviparous forms.
Eastern Asia-Aleutian Islands-Arctic coast-southern Alaska.
24. P. glauca Vahl.

Glaucous Spear-grass

Cuhns tufted, erect, rigid, 15-50 cm. tall; uppermost leaf usually below the middle of the cuhn; leaves usually short, 1-2 mm. wide; panicle
3-8 cm. long, the branches erect or ascending; spikelets 2-4-flowered;
5-6 mm. long; glumes 3-nerved, glabrous, rough on the upper part of the
keel; lemmas 3-4 mm. long, strongly pubescent on lower part of keel and
marginal nerves, slightly pubescent on the base of the faint intermediate
nerves, not webbed at base.
A common grass in most parts of our territory. Circumboreal. (Fig.
155.)
25. P. rupicola Nash.

Timberline Bluegrass

Culms tufted, erect, 10-25 cm. tall; leaf-blades erect or ascending,
involute, 1-5 cm. long, 0.5-1.5 mm. wide; panicle 2-5 cm. long, purplish,
the short branches ascending or appressed; spikelets 4-5 mm. long, 2-4flowered; glumes 3-nerved, 2.5-3 mm. long; lemmas 3 mm. or more long,
villous on the lower part of keel and marginal nerves, sometimes a few
hairs on the internerves, no coma at the base.
Buffalo range of central Alaska, Mont.-N. Mex.-Calif. (Fig. 156.)
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26. P. hispidula Vasey.

Hispid Bluegrass

Tufted, culms 3-7 drn. tall; leaves 2-3 mm. wide; panicle somewhat
contracted, 3-15 cm. long; spikelets about 3-flowered, 6 mm. long; glumes
prominently nerved, lanceolate; lemmas narrow, acute, about 4 mm. long,
the keel and marginal nerves with white lanate hairs, intermediate nerves
sometimes slightly lanate, the intervening space scabrous with fine short
hairs. The var. aleutica Hult. is a dwarf form with narrow leaves and
small spikelets found in exposed spaces in the Aleutian Islands. This
species also produces viviparous forms. It is probably responsible for the
reports of P. gracillima Vasey from Alaska.
Bering Island and the Aleutians-southeastern Alaska. (Fig. 157.)
27. P. sandbergii Vasey.

Sandberg Bluegrass

Culms up to 3 dm. or more tall form a dense tuft of short basal foliage;
leaves soft, flat, folded or involute, about 2 mm. wide; panicle narrow,
2-10 cm. long, the branches short, erect or ascending; spikelets 5-7 mm.
long; glumes about 4 mm. long; lemmas pubescent on the lower half, especially on the keel and near the margin.
As P. secunda this species has been reported as found in Yukon Territory-Nebr.-N. Mex.-Calif.
28. P. canbyi (Scribn.) Piper.

Canby Bluegrass

Culms tufted, erect, smooth, 5-12 dm. tall; leaves scabrous above,
leaves 1-2 mm. wide; panicle narrow, often compact, 10-15 cm. long; spikelets 6-8 mm. long, 3-5-flowered; glumes unequal, acute; lemmas about
4 mm. long, more or less crisp-pubescent on lower part of back.
Sandy or dry ground, Yukon-Que.-Isle Royal-Minn.-Colo.Ariz.--eastern Ore.
29. P. ampla Merr.

Big Bluegrass

Tufted; culms 8-12 dm. tall; leaves 1-3 mm. wide; panicle narrow,
10-15 cm. long, usually dense; spikelets 4-7-flowered, 8-10 mm. long;
lemmas rounded on the back, smooth or minutely scaberulous, 4-5 mm.
long.
Skagway and Yukon-Mont.-N. Mex.-Calif.
30. FESTUCA L.

Mostly tufted perennial grasses with paniculate inflorescence and 2several-flowered spikelets with the rachilla disarticulating above the
glumes and between the florets, the uppermost floret reduced; glumes
narrow, acute, unequal; lemmas rounded on the back, more or less awned
or sometimes awnless; palea scarcely shorter than the lemma. (An old
Latin name for a weedy grass.)
lA. Basal leaves 3-10 mm. wide, flat, lax.
lB. Lemmas awnless or very short-awned .............. 1. F. elatior
2B. Lemmas with awns 5-20 mm. long ...................... 2. F. subulata
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2A. Basal leaves narrow, folded, or involute.
lB. Low-growing, less than 3 dm. tall ............. .......... 3. F. brachyphylLa
2B. Culms 3-5 dm. tall .................... ......... ..................... 4. F rubra
3B. Culms 5-10 dm. tall ... ............................................. 5. F. altaica
1. F. elatior L.

Meadow Fescue

Culms smooth, 5-12 dm. tall; leaves flat, 3-8 mm. wide, somewhat
scabrous above; panicle mostly erect, 1-2 dm. long, contracted after flowering, branches spikelet-bearing nearly to the base; spikelets usually
6-8-flowered, 8-15 mm. long; glumes about 3 mm. and 4 mm. long; lemmas
coriaceous, 5-7 mm. long, the apex hyaline, rarely short-awned. The var.
arundinacea (Schreb.) Wimm. (F. arundinacea Schreb.) is a tall-growing
form with usually 4-5-flowered spikelets.
Introduced at several places in Alaska. Native of Eurasia. (Fig. 158.)

2. F. subulata Trin.
Culms 4-12 dm. tall;

Bearded Fescue

leav~s flat, thin, green above, scabrous on both
sides, 1-3 dm. long, 3-10 mm. wide; panicle loose, open, drooping, 15-40
cm. long, the branches in twos or threes, at length spreading or reflexed;
spikelets loosely 3-5-flowered, 7-12 mm. long; lemmas somewhat keeled,
scabrous toward the apex, 5-7 mm. long, attenuate into a scabrous awn
5-20 mm. long.
Woods, southeastern Alaska-Wyo.-Utah-northern Calif. (Fig.
159.)
.

3. F. brachyphylla Schult.
Alpine Fescue
Densely tufted; culms 10-25 cm. tall; leaves narrow, involute, 2-7 cm.
long; panicle narrow and spike-like, 2-7 cm. long; spikelets 2-6-flowered,
often purplish; lemmas 3-4 mm. long; awn scabrous, 2-3 mm. long. The
type form has the leaves glabrous or nearly so. Ssp. saximontana (Rydb.)
Hult. is a somewhat taller form with scabrous leaves, occurring in the
interior.
Alpine-arctic situations throughout our territory. Circumboreal.
(Fig. 160.)

4. F. rubra L.

Red Fescue
Culms more or less tufted, erect from a decumbent base, 3-10 dm.
tall; leaves soft, smooth, usually involute, 7-15 cm. long; panicle 4-20 cm.
long, usually contracted and narrow; spikelets 4-6-flowered, often purplish; lemmas 5-7 mm. long, smooth to scabrous or villous; awn 1-4 mm.
long. A very variable group from which species, subspecies, and varieties
have been described. Geographical races can be distinguished, but some
of the characters such as the amount and nature of the pubescence of the
lemma, do not follow the variation of other characters. The following
names have been used for species, subspecies, and varieties, and the plants
reported under these names in t!J.e genus Festuca refer to this species:
aucta, arenaria, barbata, glabrata, kitaibeliana, lanuginosa, megastachya,
mutica, richardscmii, subvillosa.
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A common and widely distributed species in our territory. Circumboreal. (Fig. 161.)
Rough Fescue

5. F. altaica Trin.

Plants forming dense tussocks; culms erect, smooth, 3-10 dm. tall;
leaves narrow, involute, 15-30 cm. long; panicle loose and open, 1-2 dm.
long; spikelets 10-15 mm. long, 3-5-flowered, usually suffused with purple;
glumes unequal, nearly smooth; lemmas ovate, attenuate, finely and
densely scaberulous, 7-11 mm. long, usually with a short awn.
Nearly throughout our territory and in eastern Asia. (Fig. 162.)
F. duriuscula L. [F. ovina L. var. duriuscula (L.) Koch] , Hard
Fescue, a native of Europe naturalized in America, has been found in
Alaska. It resembles F. brachyphylla but is taller and has wider and firmer
leaves.
F. megalura Nutt., the Western Six-weeks Fescue, a native of B . C.Baja, Calif., has been found introduced in our area. It grows 2-6 dm. tall;
has narrow panicles 7-20 cm. long, with appressed branches; spikelets 4
or 5-flowered; lemmas linear-lanceolate, scabrous on the back toward the
apex, ciliate on the upper half and with awns 8-18 mm. long.
31. BROMUS L.

Spikelets several to many-flowered, the rachilla disarticulating above
the glumes and between the florets; glumes unequal, acute, the first 1-3nerved, the second 3-5-nerved; lemmas convex or keeled on the back,
5-9-nerved, 2-toothed at the apex, sometimes awnless but usually awned
from between the teeth; palea shorter than the lemma; sheaths closed;
leaf-blades flat; inflorescence a panicle of large spikelets. All species described here have been collected in Alaska, but it is not known if B. brizaeformis, B . marginatus, B. racemosus, and B. secalinus are able to maintain themselves. (Greek, an ancient name of the oat.)
lA. Lemmas compressed-keeled.
lB. Spikelets glabrous or slightly pilose.
lC. Panicle branches elongate, drooping ............1. B. sitchensis
2C. Panicle branches shorter, erect.. ................... 2 . B. aleutensis
2B. Spikelets densely pilose ....................................... 3. B. marginatus
2A. Lemmas rounded on the back, not compressed-keeled.
lB. Perennials.
lC. Creeping rhizomes present.
lD. Lemmas glabrous ..................................... 4. B . inermis
2D. Lemmas pubescent, at least near the margin ........................
.................................................................... 5. B. pumpellianus
2C. Creeping rhizomes wanting.
lD. Lemmas glabrous ...................... ............... 6. B. ciliatus
2D. Lemmas pubescent ............................. ...... 7. B. pacificus
2B. Annuals.
lC. Lemmas rounded above, teeth short.
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lD. Panicle contracted, rather dense.
lE. Lemmas glabrous .... ........ ... .............. .. 8.
2E. Lemmas pubescent ... ....................... ....9.
2D. Panicle open, the branches spreading.
lE. Awn short or wanting ... .... .... .......... .10.
2E. Awn well developed.
lF. Sheaths glabrous ......................... .11.
2F. Sheaths pubescent ....... ....... ........ ..12.
2C. Lemmas narrow, the teeth long ........ .... .. ... .13.
1. B. sitchensis Trin.

B. racemosus
B. moLlis
B. brizaeformis
B . secaLinus
B. commutatus
B. tectorum

Alaska Brome Grass

Perennial; culms smooth, 10-18 dm. tall, sheaths smooth; leaves
smooth beneath, sparsely pilose above, &-12 mm. wide; panicle large, lax,
drooping, 25-35 cm. long; spikelets 2-3.5 cm. long, 4-12-flowered; lemmas
scabrous, often hairy toward the base, about 12 mm. long; awn 5-10 mm.
long.
Near the coast, southeastern Alaska-Wash. (Fig. 163.)
2. B. aLeutensis Trin.
Aleutian Brome Grass
B. sitchensis Trin. var. aLeutensis (Trin.) Hult.
' 5-10 mm. wide; panicle erect with stiffly
Culms 5-10 dm. tall; leaves
ascending branches; spikelets 3-7-flowered; lemmas often 15 mm. long;
and awn nearly 1 cm. long.
Near the coast, Aleutian Islands to Wash. (Fig. 164.)

3. B. marginatus Nees.

Large Mountain Brome Grass

Short-lived perennial; culms 6-12 dm. long, sheaths pilose; panicle
erect, rather narrow, 1-2 dm. long; spikelets 25-35 mm. long, 7- or 8flowered; glumes scabrous or scabrous-pubescent; lemmas coarsely pubescent, ovate-lanceolate, 11-14 mm. long; awn 4-7 mm. long.
Introduced, native of B. C.-S. Dak.-N. Mex.-Calif. (Fig. 165.)
4. B. inermis Leyss.
Smooth Brome
Culms erect, 6-12 dm. tall, from creeping rhizomes; leaves smooth,
5-10 mm. wide ; panicle 1-2 dm. long, erect with whorled branches; spikelets 20-25 mm. long; first glume 4-5 mm. long, second glume &-8 mm. long;
lemmas 9-12 mm. long, obtuse, glabrous or scabrous, emarginate, usually
awnless, occasionally with an awn 1 or 2 mm. long.
A cultivated grass from Europe that has become established in some
places in our territory. (Fig. 166.)
5. B. pumpeUianus Scribn.

Arctic Brome-grass

Culms 5-12 dm. tall, with creeping rhizomes; leaves 1-2 dm. long,
5-10 mm. wide, smooth beneath, scabrous or pubescent above; panicle 1-2
dm. long, rather narrow, with short, erect, or ascending branches; spikelets 2-3 cm. long, 7-11-flowered; lemmas 10-12 mm. long, 5-7-nerved,
pubescent along the margin and across the back at the base; awn 2-3 mm.
long. Var. arcticus (Shear) Porsild (B. arcticus Shear). Panicle purplish,
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the branches spreading at flowering time, erect or ascending at maturity;
spikelets 2-4.5 cm. long, 6-14-flowered; glumes and lemmas coarsely
pubescent, the lemmas 5-nerved, 12-14 mm. long. Var. villosissimus Hult.
Glumes and lemmas densely villous-gray; leaves and sheaths often also
villous.
Northern Bering Sea region-Ida.-Black Hills-Colo. (Fig. 167.)
6. B. ciliatus L.
B. richardsonii Link

Fringed Brome

Culms moderately robust, 7-12 dm. tall; sheaths often more or less
pubescent; leaves up to 1 cm. wide; panicle 15-25 cm. long, open, the
branches drooping; spikelets 2-3 cm. long, 5-10-flowered; lemmas nearly
glabrous on the back, pubescent along the lower half to three-quarters
of the margins, about 12 or 13 mm. long; awn 3-5 mm. long.
Central Alaska-Newf.-N. J er.-Tenn.-Texas-Calif.-northern
Asia. (Fig. 168.)
7. B. pacificus Shear.

Pacific Brome-grass

Culms stout, erect, 10-15 dm. tall, pubescent at the nodes; sheaths
more or less retrosely pilose; leaves sparsely pillose above, 8-14 mm. wide;
panicle very open, 10-25 cm. long, the branches slender, drooping; spikelets 20-25 mm. long, pubescent; lemmas 11-12 mm. long; awn 4-6 mm. long.
Along the coast, southeastern Alaska-Ore. (Fig. 169.)
8. B. racemosus L.
Smooth-flowered Soft Cheat
Resembling B. mollis but the panicle usually more open and lemmas
glabrous or scabrous.
An European annual species adventitive in central Alaska and Yukon.
Soft Chess
9. B. mollis L.
Softly pubescent throughout; culms erect, 2-8 dm. tall; panicle contracted, the branches erect or ascending, 5-10 cm. long; glumes broad;
lemmas broad with hyaline margins and tip, obtuse, 7-nerved, bidentate,
7-9 mm. long; awn 4-8 mm. long. This species has been reported as B.
hordaceus L.
An introduced annual weed, native of Europe. (Fig. 170.)
10. B. brizaeformis Fisch. & Mey.

Rattlesnake Grass

Culms 3-6 dm. tall; sheaths and blades pilose-pubescent; panicle 5-15
cm. long, lax, secund, nodding; spikelets 15-25 mm. long, about 1 cm.
wide, flat; lemmas about 1 cm. long, very broad, inflated, smooth, with
broad scarious 'margins, awnless or nearly so.
An European species that has been collected at Seward and Nome.
Chess or Cheat
11. B. secalinus L.
Culins erect, 3-6 dm. tall; sheaths smooth, panicle nodding, 7-12 cm.
long, the lower branches 3-5, unequal, drooping; spikelets 1-2 cm. long,
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6-8 mm. wide; lemmas 6-8 mm. long, the margin strongly involute at maturity; awns usually 3-5 mm. long.
Often a weed in fields of grain. Native of Europe.
12. B. commutatus Schrad.

Hairy Chess

Resembles B. secalinus, but the sheaths are pilose with short retrose
hairs; lemmas at maturity are less plump and the awn straight and usually
longer.
An introduced weedy grass that is native of Europe.
13. B. tectorum L.

Downy Chess

Culms 3-6 dm. tall, glabrous; sheaths and blades more or less pubescent; panicle 6-15 cm. long, open, the branches slender and drooping,
somewhat one-sided; spikelets nodding, 12-20 mm. long exclusive of
awns; glumes villous; lemmas villous or pilose, 10-12 mm. long, the teeth
2-3 mm. long; awn straight, 12-18 mm. long.
An introduced weed that is becoming a pest in some localities. Native
of Europe. (Fig. 171.)
Secale cereale L., the cultivated rye, has infrequently been found
along roadsides and in old fields where it sometimes persists for several
years. It is doubtful if it can maintain itself indefinitely.
Triticum aestivum L., the common wheat, like rye, is sometimes found
along roadsides. It cannot be considered as really established and therefore a part of our flora.
32. LOLIUM L.

Spikelets several-flowered, solitary, sessile, placed edgewise to the
rachis, one edge fitting into the alternate concavities; first glume wanting
(except in terminal spikelet) , the second outward, 3-5-nerved, equaling
or exceeding the second floret; lemmas rounded on back, 5-7-nerved.
(Lolium, an old Italian name for darnel.)
Glume shorter than the spikelet.
L emmas awned ............. ... ...... ..... ... .. .... .... .. .... ....... .... ..... .. 1. L. multifloirum
Lemmas awnless or nearly so .... ............... ............. ...... 2. L . perenne
Glume as long as or longer than the spikelet ........ ..... .........3. L. tremulatum
1. L . m ultiflorum Lam.

Italian Ryegrass

A short-lived perennial with culms 4-10 dm. tall; spikes 8-30 cm.
long, flat ; spikelets 10-20-flowered, up to 25 mm. long; lemmas 7-8 mm.
long, at least part of them awned.
Introduced. Native of Europe. (Fig. 172.)
2. L. perenne L .
English Ryegrass
Culms 3-6 dm. tall; spikelets 6-10-flowered; lemmas 5-7 mm. long,
awnless. Often used in lawn grass mixtures.
Introduced. Native of Europe.
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3. L. temulatum L.

Darnel

Annual, culms 6-9 run. tall; leaves 3-6 mm. wide; spike 15--20 cm.
long; glume about 25 mm. long, as long as or longer than the 5-7-flowered
spikelet.
'
Has been collected near Dawson and at St. Michael, but it is doubtful
if it has become established. Native of Europe.
33. AGROPYRON Gaertri.

Perennial grasses; leaves flat or involute; inflorescence a terminal
spike; spikelets several-flowered, usually solitary, compressed, placed flatwise at each joint of the rachis, the rachilla disarticulating above the
glumes and between the florets ; glumes firm; lemmas convex on the back,
rigid, 5--7-nerved, acute or awned at the apex; palea nearly as long as
the lemma.
A difficult genus with many variable forms probably due to hybridization. (Greek, wild and wheat, referring to their growth in wheat
fields .)
lA. Plants with creeping rhizomes
lB. Glumes rigid, tapering to a short awn .. ...... .... ..l. A .
2B. Glumes not rigid , acute or abruptly short-awned.
lC. Lemmas glabrous .................. ..... ....... .... .......... 2. A.
2C. Lemmas pubescent .. .... ....... .......... ... ...... ... .. .. ... 3. A.
2A. Plants tufted, without creeping rhizomes.
lB. Lemmas awnless or awn-tipped only.
lC. Nodes of culm finely appressed-pilose ........4: A.
2C. Nodes of culm glabrous.
lD. Lemmas pubescent.
lE. Spikelets very narrow ... ......... .. ...... ....5. A.
2E. Spikelets comparatively broad ..........6. A.
2D. Lemmas glabrous .. ..... .. ... ............ .......... .. ..7. A .
2B. Lemmas awned.
lC. Awns straight .. ....... .. ... ... .. .............. .. ....... .... .. .. .. 8. A .
2C. Awns divergent ... ... ........ .... .. ......................... ... 9. A.

smithii
rep ens
yukonense
alaskanum
sericeum
latiglume
trachycaulum
subsecundum
spicatum

1. A. smithii Rydb .
Western Wheat-grass
Culms usually glaucous, 3-6 dm. or more tall; leaves firm , stiff, scabrous ; striate, 2-4 mm. wide, sharp-pointed, becoming involute on drying;
spikes 6-15 cm. long, the rachis scabrous on the angles; spikelets rarely
2 at a node, 5--10-flowered, 1-2 cm. long; glumes rigid, tapering into a
short awn, faintly nerved, 7-12 mm. long; lemmas about 1 cm. long, acuminate, mucronate or short-awned.
Central Alaska, probably introduced from the western states. (Fig.
173.)
2. A. repens (L.) Beauv.
Quackgrass
Culms 5--15 dm. tall, from long-jointed running rootstocks; leaves flat,
smooth beneath, rough above, mostly 5--10 mm. wide; spike 5--15 cm. long,
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the rachis scabrous on the margins; spikelets 3-7-flowered, 10-15 mm.
long; glumes strongly 3-7-nerved, acute or awn-pointed; lemmas about
8 mm. long, acute or awned, the awn when present may approach that of
the lemma in length.
Central Alaska south and east. A native of Eurasia and extensively
introduced in North America. (Fig. 174.)
3. A. yukonense Scribn. & Merr.

Yukon Wheat-grass

Culms glabrous, 4-8 drn. tall, from creeping rhizomes; leaves 2-6 mm.
wide, flat or involute; spikes 5-12 cm. long; spikelets closely imbricate,
4-8-flowered, 10-15 mm. long; glumes acute, 3-nerved, pilose; lemmas
villous, about 8 mm. long, acute or short-awned.
Upper and central Yukon River valley. (Fig. 175.)
4. A. alaskanum Scribn. & Merr.

Alaska Wheat-grass

Culms glabrous, erect, 4-9 dm. tall, the nodes pubescent; leaves flat
or involute, 4-7 mm. wide, scabrous on both surfaces; spike 6-10 cm.
long, rather slender; spikelets sometimes 2 at a node, 15-20 mm. long,
4-6-flowered, exceeding the scabrous internodes of the rachis; glumes
6-8 mm. long, oblanceolate; lemmas 8-10 mm. long exclusive of the short
awn, lanceolate, hispid with short stiff hairs along the sides but the pubescence variable. The arctic variety arcticum Hult. has the glumes and
lemmas hispid to pilose.
Matanuska-Arctic coast-upper Yukon district. (Fig. 176.)
5. A. sericeum Hitchc.
Culms tufted, 4-12 drn. tall; leaves flat, rather long, mostly 4-9 mm.
wide; spikes 6-25 cm. long; spikelets remote to loosely imbricated,
usually narrow, 3-7-flowered, 15-22 mm. long; glumes mostly 3-nerved,
acute or short-awned, glabrous or slightly pubescent, 6-15 mm. long;
lemmas short-villous, acuminate or short-awned, 8-12 mm. long; rachilla
pubescent.
Nome--Matanuska-upper Yukon valley. (Fig. 177.)
6. A. latiglume (Scribn. & Sm.) Rydb.
A. violaceum (Hornem.) Lange var. latiglume Scribn. & Sm.
Culms loosely tufted, curved or geniculate below, 2-7 dm. tall; leaves
flat, rather short, 3-5 mm. wide; spike 3-7 cm. long; spikelets imbricate,
10-18 mm. long, 3-5-flowered; glumes rather broad, flat or rounded, 9-12
mm. long; lemmas pubescent, acute or short-awned, 7-11 mm. long.
Most of our territory; circumpolar. (Fig. 178.)
7. A. trachycaulum (Link) Hitchc.
Slender Wheat-grass
A. angustiglume Nevski.
A. pauciflorum (Schwein.) Hitchc.
A. tenerum Vasey
Culms tufted, 6-12 dm. tall; leaves mostly 2-4 mm. wide; spikes slender, 5-20 cm. long; spikelets from rather remote to closely imbricate,
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12-15 mm. long, 2-5-flowered; glumes firm, acute to awn-pointed, 10-12
mm. long; lemmas 8-10 mm. long, acute or short-awned. Very variable
and our most common species.
Above the Arctic Circle in Alaska-Labr.-W. Va.-Mo.-N. Mex.Calif. (Fig. 179.)
8. A. subsecundum (Link) Hitchc.
A. caninum Am. auct. not (L.) Beauv.
A. richardsonii Schrad.

Bearded Wheat-grass

Culms tufted, erect, 3-10 dm. tall; leaves scabrous, flat, 3-8 mm. wide;
spike erect or slightly nodding, 6-15 cm. long, rather dense; spikelets
12-15 mm. long, 3-5-flowered; glumes unequal, acuminate or awn-pointed,
4-7-nerved; lemmas scabrous, 8-12 mm. long, with a nearly straight awn
1-2 cm. long.
Central Alaska-Newf.-Md.-Nebr.-N. Mex.-Calif. (Fig. 180.)
9. A. spicatum (Pursh.) Scribn. & Sm.

Bluebunch Wheat-grass
Culms tufted, rigid, 6-10 dm. tall; leaves 1-4 mm. wide; spike slender,
8-15 cm. long; spikelets distant, often shorter than the internodes of the
rachis, 3-8-flowered; glumes acute but not awned; lemmas 8-10 mm. long,
terminating in a bent awn 10-25 mm. long, rachilla scabrous.
Central Alaska-Mich.-N. Mex.-Calif. (Fig. 181.)
34. HORDEUM L.

Leaf-blades flat; inflorescence a terminal spike; spikelets 1-flowered,
usually in threes at each joint of the rachis, the middle spikelet sessile and
perfect, the lateral usually pedicelled and imperfect; glumes narrow, often
subulate and awned, rigid, standing in front of the spikelet; lemmas lanceolate, rounded on the back, tapering to a usually long awn. (Latin name
for barley.)
Awn less than 12 mm. long ...... ... ....... ... .... ............. ......!. H . brachyantherum
Awn 15-35 mm. long ................ ... ... ..... .. ....................... 2. H. caespitosum
Awn 4-7 cm. long .......................................................... 3. H. jubatum
1. H. brachyantherum Nevski.
H. boreale Scribn. & Sm. not Gavdoger.
H. nodosum Auct. in part.

Meadow barley

Tufted perennial; culms 5--10 dm. tall; leaves 4-8 mm. wide, scabrous;
spikes slender, 2-8 cm. long; glumes all setaceous, 8-15 mm. long; lemma
of central spikelets 7-8 mm. long; awn exceeding the glumes; lemmas of
lateral spikelets considerably reduced.
Coastal regions of Alaska and northeastern Asia. Also Lahr. and
Newf. (Fig. 182.)
2. H. caespitosum Scribn.

Bobtail barley

Culms 3-10 dm. tall; glumes and awns 15--35 mm. long. In nearly all
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characters this form is intermediate between H. brachyantherum and H.
jubatum and since it is found only in the coastal sections where both these
species occur, it is probably a hybrid between them. (Fig. 183.)

3. H. jubatum L.
Squirrel-tail barley
Tufted perennial; leaves 2-4 mm. wide, scabrous; spikes nodding, 5-10
cm. long; glumes awnlike, 4-7 cm. long; lemma of central spikelet 6-8 mm.
long with awn as long as the glumes; lemmas of lateral spikelets reduced
almost to a short awn.
Open ground, all of Alaska except the Arctic-Labr.-Newf.-Md.Mo.-Mex. Also Asia. (Fig. 184.)
Hordeum vulgare L., the annual, cultivated barley, like other grains,
is sometimes found adventitive along roadsides.
35. ELYMUS L.

Perennials with spicate inflorescence; spikelets 2-6-flowered, usually
2 but sometimes 1or3 at each node of the rachis, the rachilla disarticulating
above the glumes and between the florets; glumes equal, forming an
apparent involucre to the cluster, rigid, narrow to subulate; lemmas oblong
to lanceolate, rounded on the back, 5-nerved, usually awned; palea a little
shorter than the lemma, 2-keeled. (Greek, an ancient name for a kind of
barley.)
lA. Culms from creeping rhizomes.
lB. Spikelets 10-15 mm. long .. ...................................... 1. E. innovatus
2B. Spikelets 12-25 mm. long.
.
lC. Glumes nearly as long as the spikelet ............ 2. E. mollis
2C. Glumes much shorter than the spikelet ...........3. E. aleuticus
2A. Culms tufted, no creeping rhizomes.
lB. Lemmas awnless or nearly so. .................................. .4. E. virescens
2B. Lemmas awned.
lC. Awns curved, divergent ............... ...................... 5. E. canadensis
2C. Awns straight.
lD. Rachis tardily disjointing .............................6. E. macounii
2D. Rachis continuous.
lE. Lemmas glabrous or scabrous ..... .......... 7. E. glaucus
2E. Lemmas sparsely long-hirsute on the edge ...................... ..
... .................................................................8. E. hirsutus
1. E. innovatus Beal.

Downy Rye-grass

Culms erect from horizontal rhizomes, 4-9 dm. tall; leaves rather
rigid, flat or involute, 2-8 mm. wide; spike rather dense, 4-10 cm. long;
spikelets 10-15 mm. long, 3-6-flowered; the narrow glumes and the lemmas
densely purplish or grayish villous, the lemmas 8-10 mm. long with awns
1-4 mm. long.
Grassy flats , central Alaska-mouth of the Mackenzie River-S. Dak.
-Wyo.-B. C. (Fig. 185.)

434

J.P. ANDERSON

2. E. mollis Trin.
E. arenarius L. ssp. mollis (Trin.) Hult.
E. villosissmus Scribn.

Beach Ryegrass

Culms stout, glaucous, erect, from a widely creeping rhizome, 6-20 dm.
tall; sheaths smooth, leaves smooth or scabrous above, 7-12 mm. wide;
often involute on drying; spikes erect, dense, thick, soft, 7-25 cm. long;
glumes scabrous or pubescent, 12-24 mm. long, acuminate, nearly as long
as the spikelet; lemmas scabrous to villous-pubescent, acuminate or
mucronate. Attu baskets are made of the fibers from the leaf of this
species. In the far north it becomes much dwarfed.
Sandy beaches, Alaska-Calif.; with closely related species, circumboreal. (Fig. 186.)

3. E. aleuticus Hult.
Aleutian Rye-grass
Culms 6-7 dm. tall, arising from elongated creeping rhizomes; ligule
0.7 mm. long, ciliate, spikes 10-15 cm. long; spikelets 3-5-flowered, about
25 mm. long; glumes lanceolate, 3-5-nerved, about 1 cm. long, scarious
wing-margined, acute, sparsely pilose; lemmas 15-20 mm. long, acute,
5-nerved, short-pilose; awn 2-4 mm. long.
Known only from Atka Island.
4. E. virescens Piper
E. howellii Scribn. & Merr.

Pacific Rye-grass

Somewhat tufted; culms 3-12 dm. tall; sheaths smooth; leaves flat,
5-15 mm. wide, minutely scabrous; spike 6-16 cm. long; spikelets fewflowered; glumes strongly nerved; pointed or awn-tipped; lemmas 10-12
mm. long, scabrous toward the sharp-pointed or short-awned apex.
Woods, southeastern Alaska-Calif. (Fig. 187.)

5. E. canadensis L.
Canada Rye-grass
Culms erect, tufted, smooth, 7-15 dm. tall; leaves 4-20 mm. wide;
scabrous; spike 1-3 dm. long, nodding; spikelets 3-5-flowered; glumes
narrow, scabrous; lemmas 8-14 mm. long," strongly nerved above, scabroushirsute; awns divergently curved, 2-3 cm. long.
Along the Alaska Railroad-Que.-N. Car.-Texas-Ariz.-Calif.
Probably introduced in our area. (Fig. 188.)
6. E. macounii Vasey.
Macoun Rye-grass
Culms densely tufted, erect, slender, 5-10 dm. tall; sheaths smooth;
leaves usually scabrous on both sides, 2-5 mm. wide; spike slender, erect
or somewhat nodding, 4-12 cm. long; spikelets imbricate, appressed, 1-3flowered, about 1 cm. long; glumes narrow, scabrous, awned; lemmas 8-10
mm. long, scabrous and somewhat hirsute toward the apex; awns 1-2 cm.
long.
Central Alaska-Alta.-Minn.-Nebr.-N. Mex.-Calif. (Fig. 189.)
7. E. glaucus Buckley.
Western Rye-grass
Culms tufted, often bent at the base, 6-15 dm. tall; leaves more or less
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scabrous on both sides, 6-15 mm. wide; spike erect or somewhat nodding,
5-20 cm. long; glumes lanceolate, 8-15 mm. long, with prominent scabrous
nerves; lemmas 7-10 mm. long, scabrous toward the apex and with awns
8-20 mm. long.
Southeastern Alaska-Ont.-Mich.-Mo.-N. Mex.-Calif. (Fig. 190.)
8. E. hirsutus Presl.
E. borealis Scribn.

Northern Rye-grass

Culms rather weak, 5-14 drn. tall; leaves lax, 4-13 mm. wide , somewhat scabrous beneath, sparsely pilose above; spike loosely flowered, nodding, 10-18 cm. long; spikelets about 15 mm. long; glumes strongly nerved,
awned; lemmas long-hirsute on the margins toward the summit, sometimes coarsely pubescent on the back; awn up to 2 cm. long.
Coastal sections. Alaska-Ore. (Fig. 191.)
Pleuropogon sabinii R. Br. is a small grass found in the arctic regions
of Canada and Eurasia and may be expected in the most northerly parts of
Alaska and the Yukon. It is 15 cm. or less tall; leaves 1-5 cm. long or
when growing in water longer; spikelets 2-6, about 1 cm. long on spreading or reflexed pedicels, 5-8-flowered; glumes small, unequal, scarious at
the somewhat lacerate tip; lemmas 4-5 mm. long, 7-nerved, the midvein
sometimes excurrent as a sharp point; keels of the palea winged on lower
half, bearing awnlike appendages near the middle.
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PLATE VI
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.

Typha latifolia L. Inflorescence and flowers.
Sparganiu.m hyperboreu.m Laest. Inflorescence, achenes, and perianth scales.
Sparganiu.m angustifoliu.m Michx. Achenes and scales.
Sparganiu.m minimum (Hartm.) Fr. Inflorescence, achene, and scale.
Potamogeton natans L. Leaves.
Potamogeton gramineu.s L. Leaves, fruit, and nutlet.
Potamogeton alpinus Balbis. Leaves and nutlet.
Potamogeton porsildoru.m Fern. Leaf, section of leaf, and nutlet.
Potamogeton pusillu.s L. Leaf, fruit, and nutlet.
Potamogeton friesii Rupr. Leaf, tip of leaf, and nutlet.
Potamogeton perfoliatu.s L. Leaf and nutlet.
Potamogeton filiformis Pers. Leaf, fruit, and nutlet.
Potamogeton pectinatu.s L . Leaf, fruit, and nutlet.
Ru.ppia spiralis L. Leaves, fruit, and nutlet.
Zostera marina L . Inflorescence, tip of leaf, and nutlet.
Triglochin maritima L. Leaf, flower, and fruit.
Triglochin palustris L . Flowers and fruits.
Hierochloe alpina (Sw.) Roem. & Schult. Spikelet and lemmas.
Hierochloe pau.ciflora R. Br. Spikelet.
Hierochloe odorata (L.) Beauv. Spikelet.

I
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PLATE VII
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.
91.
92.
93.
94.
95.
96.
97.
98.
99.
100.
101.
102.
103.
104.

Phalaris arundinacea L . Spikelet and lemma.
Anthozanthum odoratum L . Glumes, sterile lemmas, and fertile lemma.
Stipa columbiana Macoun. Lemma.
Stipa comata Trin. Lemma.
Alopecurus pratensis L . Spikelet.
Alopecurus alpinum J. E. Sm. Spikelet and lemma.
Alopecurus aequalis Sobol. Spike, spikelet, and lemma.
Al.opecurus geniculatus L. Spikelet.
Polypogon monspeliensis (L.) Desf. Spikelet and lemma.
Phleum alpinum L. Spikelet and floret.
Phleu m pratense L. Spikelet anlf lemma.
Phippsia algida (Soland.) R. Br. Glumes and fruiting floret.
Cinna latifolia (Trev .) Griseb. Spikelet.
Calamagrostis deschampsioides Trin. Spikelet and floret.
Calamagrostis purpurescens R. Br. Spikelet and lemma.
Calamagrostis nutkaensis (Presl) Steud. Spikelet and lemma.
Calamagrostis canadensis (Michx.) Beauv. Glumes and lemma.
Calamagrostis inexpansa A. Gray. Glumes and lemma.
Agrostis thurberiana Hitchc. Glumes and floret.
Agrostis palustris Huds. Glumes and floret.
Agrostis stolonifera L. Glumes and floret.
Agrostis exerata Trin. Glumes and lemma.
Agrostis scabra Willd. Spikelet and lemma.
Agrostis alaskana Hult. Glumes and lemma.
Agrostis borealis Hartm. Glumes and lemma.
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PLATE VIII
105.
106.
107.
108.
109.
110.
111.
112.
113.
114.
115.
116.
117.
118.
119.
120.
121.
122.
123.
124.
125.
126.
127.
128.
129.
130.
131.
132.
133.
134.
135.
136.
137.

Arctagrostis latifolia (R. Br.) Griseb. Spikelet.
Holcus lanatus L. Glumes and florets.
Arrhenatherum elatius (L.) Mert. & Koch. Spikelet.
Sphenopholis intermedia (Rydb.) Rydb. Spikelet.
Danthonia spicata (L.) Beauv. Spikelet and lemma.
Avena fatua L. Spikelet.
Trisetum spicatum (L.) Richt. Spikelet and lemma.
Trisetum cernuum Trin. Spikelet.
Trisetum sibiricum Rupr. Spikelet.
Deschampsia elongata (Hook.) Munro. Spikelet and lemma.
Deschampsia atropurpurea (Wahl.) Scheele. Spikelet and lemma.
Deschampsia beringensis Hult. Spikelet and lemma.
Deschampsia caespitosa (L.) Beauv. Spikelet and lemma.
Deschampsia holciformis Presl. Spikelet.
Beckmannia syzigachne (Steud.) Fern. Spikelet and floret.
Dactylis glomerata L . Spikelet.
Dupontia fischeri R. Br. Spikelet and floret.
Schizachne purpurescens (Torr.) Swallen. Spikelet and lemma.
Colpodium fulvum (Trin.) Griseb. Spikelet.
Melica subulata (Griseb.) Scribn. Spikelet and lemma.
Glyceria borealis (Nash) Batch. Spikelet and lemma.
Glyceria leptostachya Buckl. Spikelet and lemma.
Glycerin pauciflora Presl. Spikelet.
Glyceria grandis S. Wats. Spikelet.
Puccinellia phryganodes (Trin.) Scribn. & Merr. Spikelet.
Puccinellia hauptiana Krecz. Spikelet.
Puccinellia grandis Swallen. Spikelet.
Puccinellia borealis Swallen. Spikelet.
Puccinellia andersoni Swallen. Spikelet.
Puccinellia alaskana Scribn. & Merr. Spikelet.
Puccinellia paupercula (Holm) Fern. & Weath. Spikelet.
Puccinellia hulteni Swallen. Spikelet.
Puccinellia pumila (Vasey) Hitchc. Spikelet.
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PLATE IX
138.
139.
140.
141.
142.
143.
144.
145.
146.
147.
148.
149.
150.
151.
152.
153.
154.
155.
156.
157.
158.
159.
160.
161.
162.
163.
164.
165.
166.
167.
168.
169.
170.
171.

Puccinellia nutkai:nsis (Pres!) Fem. & Weath. Glumes and florets.
Poa annua L . Spikelet and lemma.
Poa compressa L . Spikelet and lemma.
Poa lanata Scribn. & Merr. Glumes and lemma.
Poa turneri Scribn. Floret.
Poa eminens Pres!. Spikelet and lemma.
Poa macrocalyx Tr. & Mey. Spikelet and lemma.
Poa pratensis L. Glumes and a lemma.
Poa arctica R. Br. Lemma.
Poa irrigata Lindm. Glumes and lemmas.
Poa trivialis L . Glumes and lemma.
Poa Zeptocoma Trin . Glumes and lemma.
Poa nemoralis L . Glumes and lemma.
Poa palustris L. Glumes and lemma.
Poa merrilliana Hitchc. Spikelet and lemma.
Poa alpina L. Spikelet and lemma.
Poa stenantha Trin. Glumes and lemma.
Poa glauca Vahl. Spikelet and lemma.
Poa rupicola Nash. Glumes and lemma.
Poa hispidula Vasey. Spikelet and lemma.
Festuca elatior L . Spikelet.
Festuca subulata Trin. Spikelet
Festuca brachyphylla Schult. Spikelet.
Festuca rubra L . Spikelet.
Festuca altaica Trin. Spikelet.
Bromus sitchensis Trin. Spikelet.
Bromus aleutensis Trin. Spikelet and lemma.
Bromus marginatus Nees. Lemma.
Bromus inermis Leyss. Spikelet.
Bromus pumpellianus Scribn. Lemma.
Bromus ciliatus L. Lemma.
Bromus pacificus Shear. Floret.
Bromus mollis L. Spikelet.
Bromus tectorum L . Spikelet.
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PLATE X
172.
173.
174.
175.
176.
177.
178.
179.
180.
181.
182.
183.
184.
185.
186.
187.
188.
189.
190.
191.

Lolium multiflorum Lam. Spikelet.
Agropyron smithii Rydb. Spikelet.
Agropyron repens (L.) Beauv. Spikelet, floret, and awned lemma.
Agropyron yukonense Scribn. & Merr. Spikelet.
Agropyron alaskanum Scribn. & Merr. (a) Spikelet. (b) Var. arcticum Hult.
Agropyron sericeum Hitchc. Spikelet and floret.
Agropyron latiglume (Scribn. & Sm.) Rydb. Spikelet.
Agropyron trachycaulum (Link) Hitchc. Spikelet and floret.
Agropyron subsecundum (Link) Hitchc. Spikelet.
Agropyron spicatum (Pursh) Scribn. & Sm. Spikelet.
Hordeum brachyantherum Nev.ski. Node of 3 spikelets.
Hordeum caespitosum Scribn. Node of 3 spikelets.
Hordeum jubatum L. Node of spikelets.
Elymus innovatus Beal. Lemma.
Elymus mollis Trin. Spikelet.
Elymus virescens Piper. Spikelet.
Elymus canadensis L . Spikelet and lemma.
Elymus macounii Vasey. Spikelet.
Elymus glaucus Buckl. Spikelet.
Elymus hirsutus Presl. Spikelet.
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THE INITIATION AND DEVELOPMENT OF FOLIAR AND
FLORAL ORGANS IN THE TULIP1
J . E.

SASS

From the Botany and Plant Pathology Section, Iowa Agricultural Ex periment Station
Received February 19, 1944

The flowering cycles of many bulbous cultivated plants are known
primarily through the accumulated practical experience of horticulturists.
The presence of a flower bud in the larger bulbs of tulip, narcissus, hyacinth, and other plants has long been recognized. Cultural practices and
environmental conditions are known to influence the flower-producing
capacity and multiplication of bulbs, and the "running out" or senescence
of plantings. The histological details of the initiation and growth of foliar
and floral organs have received little attention.
The present report is confined to the tulip, one of the several bulb-,
corm-, and tuber-producing ornamentals being studied. The gross morphology of the tulip bulb and the formation of "dropper" bulblets have
been described by Arber (1) , who also reviewed the early classical studies
on bulbous plants. The more recent studies on tulip have dealt with the
cytology of the numerous species and varieties (2, 6) . The present study
was undertaken to determine the approximate date of initiation of foliage
leaves and flower primordia under Iowa conditions, to compare varieties
having markedly different flowering dates and forcing properties, and to
compare the structural maturity of bulbs from different commercial
sources. A preliminary study was made of the relationship of bulb size
to bud formation. The revival of interest in the cyto-histology of the shoot
apex, reviewed recently by Foster (5) , has led to the first detailed study
of this feature of the tulip.
MATERIALS AND METHODS

Tulip bulbs were obtained through commercial channels in October,
1939. These bulbs were represented as having been grown in Holland, and
were of the size classification that is usually expected to bloom during
the season following planting. Varieties were selected to represent earlyblooming as well as relatively late-blooming classes. Sample bulbs of
each variety were dissected to ascertain the presence of a flower bud.
Plantings of bulbs were made in the Herbaceous Gardens in October.
Samples were dug in November and at intervals during the following
growing season.
Bulbs grown in the Tacoma, Washington, district were obtained in
1941. A sample of each variety was examined on receipt; the remainder
were stored under good curing conditions and planted in November.
1
Journal paper No. J-1188 of the Iowa Agricultural Experiment Station, Ames,
Iowa. Project 687.
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Samples were taken at intervals during storage and during the subsequent growing season.
Through the courtesy of Prof. E. C. Volz, bulbs were also obtained
from well-established plantings in the gardens of the Horticulture Department of Iowa State College, Ames, Iowa.
Acetocarmine smears were made to determine the stage of development in the larger anthers. Diagnoses of small anthers and of ovaries were
made from microtome sections of entire flower buds. The buds were dissected out of the bulb, killed in chrome-acetic formalin, CRAF No. 2 (8) ,
embedded in paraffin, and sectioned.
OBSERVATIONS
FLOWERING CYCLES OF EUROPEAN AND AMERICAN BULBS

Seven varieties of Holland-grown bulbs of large commercial size were
examined on October 20. These bulbs had been subjected to the shipping
and storage conditions of the trade and were in the condition in which
they appear in the retail outlets. A fifteen-bulb sample of each variety
was dissected. Every bulb was found to contain a well-developed flower
bud, all organs of which were macroscopically recognizable. Microscopic
study of sections showed that in all cases the ovules were short, straight
primordia, with no trace of integuments, and with indistinguishable, or
only slightly enlarged sporocytes. This striking uniformity of the condition of the ovules in the earliest and latest varieties was in contrast with
differences in the cytological condition of the anthers. The following
tabulation of seven varieties is arranged in order of relative maturity of
pollen on October 20. The class is given in parentheses.
Bleu Aimable (Darwin) , microsporocytes in meiotic prophase.
Wisconsin (Triumph) , Clara Butt (Darwin), first meiotic division
to early quartets.
Wm. Pitt and Pride of Haarlem (Darwin) , quartets.
Kaiserkroon (Early Single) , late quartets to rnicrospores.
Mendel, mixed colors (Mendel), microspores. .
The early tulips, Kaiserkroon and the Mendels, clearly showed a
more advanced condition of pollen. Wisconsin, an early-blooming Triumph,
was in approximately the same condition as the much later-blooming
Darwin, Clara Butt. The good forcer, Wm. Pitt, and the non-forcer, Pride
of Haarlem, had attained identical morphological maturity.
Collections were made on November 20, after several severe frosts
had occurred, and the bulbs had probably become dormant. All of the
above varieties had attained essentially the same stage of pollen development. Anthers contained gradations from late quartets to immature, uni-nucleate pollen (microspores) . The initial precocity of floral development
of the early varieties had been overcome by the time of dormancy.
The morphogenesis and cytology of the ovary and ovules were not
within the scope of the present study, therefore, collections were not
made until after anthesis. The first collection was made on July 1, when
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the vegetative leaves of tulips are still in good condition in this region.
The stem apex, from which next year's flower will develop, is deeply
buried near the base of the bulb. The structure of this stem tip can be .
reconstructed readily from transverse and longitudinal microtome sections. No floral primordia were found in any of the foregoing varieties.
The initiation and rapid enlargement of successive leaf primordia were
taking place. Numerous mitotic figures were evident in the promeristem
and in the leaf primordia.
On August 1, Clara Butt and Pride of Haarlem had completed the
initiation of vegetative leaves, but no floral primordia were evident
(Fig. 1) . The other varieties of this planting had perianth and stamen
primordia, listed here ' in the order of diminishing size of floral organs:
Wisconsin, Kaiserkroon, Mendel, Wm. Pitt, and Bleu Aimable. At this
date, the stage of floral development was in approximately the same order
as earliness of blooming in the varieties.

FIG.

1. Median longi-section of apex of vegetative bud of Pride of Haarlem tulip,
July 15. 60 x .

The stage of pollen development on September 20 is shown in the
following tabulation.
Kaiserkroon, Pride of Haarlem, Bleu Aimable, and Clara Butt, early
prophases of microsporocytes.
Wm. Pitt, strepsitene to diakinesis in the microsporocytes.
Mendel and Wisconsin, pollen quartets.
Although the early classes, Mendel and Wisconsin, were well advanced
in pollen development, it should be noted that the early single variety,
Kaiserkroon, was in the same stage as most of the Darwins. The good
forcer, Wm. Pitt, was somewhat more advanced than the non-forcer, Pride
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of Haarlem. The degree of ovule development was uniform in all varieties,
and approximately at the same stage as on October 20 of the previous
year. Megasporocytes had not undergone enlargement in any of the
varieties.
These observations show that the foliage leaves that emerge with the
flower are probably initiated by July 1. Ovules develop very slowly from
the time of initiation until dormancy, the megasporocyte becoming barely
distinguishable. Anthers develop rapidly, meiosis takes place, and an advanced condition is attained by the time of dormancy, the dormant anthers
containing loosely joined quartets or separated microspores.
Further studies had been planned to compare the structural maturity
of Dutch and American bulbs, and to ascertain the extent of year-to-year

FIG. 2. Pride of Haarlem, initiating stamen primordia on July 20. 48

x.

variation in foreign and domestic bulbs. The destruction of the bulb industry in the Netherlands has closed that source of stock. Subsequent
studies have been limited to further comparisons of classes, and to the
cyto-histology of the flower-producing stem apex. Having shown that the
buds of a wide range of varieties have essentially the same morphological
conditions at dormancy, only two varieties were used subsequently. An
"early single" variety, Spring Glory, and a considerably later-blooming
Darwin, Pride of Haarlem, were obtained from Tacoma, Washington.
When received in Ames, Iowa, on June 15, 1941, bulbs of both varieties
were in the vegetative condition. Active cell division was evident in the
stem apex and in the leaf primordia, particularly along the marginal meristems of the latter, as in figs. 1, 5--7. The bulbs were put into storage on
curing trays until planting time, and samples were taken on the indicated
dates.
Perianth primordia became evident on Spring Glory by July 10,
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whereas Pride of Haarlem was still in the vegetative condition on this date.
On July 20, Pride of Haarlem was just initiating stamen primordia (Figs.
2, 8-9). All fifteen bulbs of the sample had recognizable stamen primordia.
The broad primordia extended laterally, not emerging above the level of
the stem apex. Measured from the axil to the tip, the greatest stamen
length found was 90 µ, and the largest perianth primordia were 180 µin
length. On the same date, Spring Glory was distinctly more advanced in
floral development. The anthers had attained a maximum length of 360 ~t,
protruding well above the apex of the axis. In transverse section the
anthers ·had become deeply four-lobed, but the archesporia had not yet
become delimited. Active cell division was evident throughout the anthers
especially in the central regions of each lobe. The three-angled form of

FIG. 3. P ride of Haarlem, enlarged stamen primordia on July 26. 48

x.

the ovary of Spring Glory was evident by July 20. Pride of Haarlem had
developed a triangular ovary and perceptibly four-lobed stamens by
August 1 (Fig. 4) .
Collections were made from the above plantings during the next growing season, the first season for these Washington bulbs growing under
Iowa conditions. On July 15, both Spring Glory and Pride of Haarlem
were in the vegetative condition. Perianth primordia were evident in
Spring Glory on July 20, and in Pride of Haarlem on August 5. On November 10, both varieties had microspores.
The foregoing observations on American-grown bulbs, supporting the
evidence obtained from Dutch bulbs, show that the early-blooming tulips
initiate floral organs earlier than do the late-blooming varieties, but that
by late autumn, both classes attain essentially the same morphological
condition. A given variety develops its flower bud during approximately
the same time of the season, regardless of the source of the bulbs. Differ-
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ences of a week to 10 days in the date of floral initiation in successive
years may well be ascribed to environmental fluctuations. The slightly
earlier formation of flower primordia in the original Washington bulbs is
ascribed to the fact that they were dug and cured before the customary
digging time, and the early destruction of the tops induced differentiation
~f flower primordia.
The comparison of American and foreign stock has lost all importance
since these studies were begun. Emphasis should now be placed on comparative developmental studies of stock from the several American pro-

FIG. 4. Trans-section of flower bud of Pride of Haarlem, August 1. 48

x.

ducing regions, in relation to dates of harvesting, conditions of curing and
storage, and other cultural practices.
RELATION OF BULB SIZE TO FLOWER PRODUCTION

The ability of a bulb to produce a flower has long been known to be
associated with bulb size. The larger commercial sizes are generally
"guaranteed" to bloom in the spring following planting. Small bulbs may
either fail to bloom, or may produce flowers of inferior size. A study was
undertaken to determine the relationship between bulb weight and the
anatomical development of the flower bud. Ten varieties that had become
established in the Horticultural Gardens were used. Sample bulbs were
taken from the curing trays on December 1, weighed and split longitudinally to ascertain whether a flower bud was present. Bulbs in which a
flower bud was not visible to the unaided eye were dissected, and the
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apical region of the stem was removed and processed for sectioning in
paraffin.
All bulbs in which a flower bud was not visible to the unaided eye were
found to be in the vegetative condition. The stem apices bore foliage leaf
primordia and young leaves, resembling Figure 1. Floral primordia were
not found at the end of the growing season. The conclusion can be drawn
that a given bulb is either strictly vegetative, or it has a well-developed
flower bud, containing nearly mature pollen and the rudiments of ovules.
The minimum bulb weight necessary for the formation of flower bud
was investigated, using the foregoing material. Bulbs were classified as
falling within designated weight limits; below 4 g., 4-5 g., 5-6 g.; etc. Having found that if floral organs are present at all, they are readily visible
macroscopically in a bulb cut lengthwise, this method of examination was
used. The following list gives the minimum weight range in which a
flower bud was present.
Telescopium (Triumph class) 5-6
Columbia
"
"
5-6
Lucifer (Breeder) .... ..... .. .........5-6
Rembrandt .. .... .......... ........... ..... ..7-8
Parrot .......... .. .......... ... .. ... ..... ...... .6-7

g.
g.
g.
g.
g.

Vesta (Cottage) .. ... ... ...... .... 5-6
Moon
"
... ... .... .. .. .... .. 5-6
Yellow Giant (Darwin) ... .4-5
Wm. Pitt
"
... .5-6
Bartigon
"
.... 5-6

g.
g.
g.
g.
g.

A value between 5 and 6 grams seems to represent an average minimum size of bulb in which a flower bud is produced. This size is well below the size that is customarily sold to gardeners. The presence of a
flower bud in these small bulbs apparently does not insure the production
of a flower. It is probable that the flower buds of undersized bulbs fail to
emerge, or that such bulbs give rise to the "blasted" buds that emerge but
fail to develop into acceptable flowers. Experiments are in progress to
determine the correlation between bulb weight, dimensions , and the presence of a bud, and the emergence of a flower of desirable size and quality.
These studies have some bearing on the "running out" or senescence
of plantings of tulips. In regions having hot, dry weather during the early
part of the growing season, the formation of next year's foliage leaves may
well be stopped early in the season. The photosynthetic activity of the
current season's leaves is certainly inhibited. Flower buds, which are
known to be initiated early, probably do not emerge as full-sized flowers .
The behavior of several varieties that seem to thrive under such adverse
conditions is now being studied.
THE CYTO-HISTOLOGY OF THE SHOOT APEX

The vegetative apex of the principal axis in the tulip bulb is deeply
buried, situated just above the disc-like basal stem, and is covered by the
numerous fleshy scale leaves. The entire "terminal bud" is 2-3 mm. long
and 1-2 mm. broad. The stem apex is a short, broad, smooth dome, 100125 µ high and 300-375 µ broad. In median section, the outline is more orless semi-circular (Figs. 1, 5) . The tunica of the vegetative apex consists.
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of a single layer of cells. This is particularly clear-cut in sections having
numerous mitotic figures (Fig. 6). In sections having few mitotic figures,
the orientation of obvious sister-cells suggests that during periods of slow
mitotic activity, at least three layers undergo some anticlinal cell division.

8

FIG. 5. Median longi-section of vegetative shoot apex of Pride of Haarlem, July 15. 25 X.
FIG. 6. Detail of youngest leaf primordium and procambium strand from Figure 5.
250 x.
FIG. 7. Detail of second leaf primordium and procambium strand from Figure 5.
250 x.
FIG. 8. Median longi-section of shoot apex of Pride of Haarlem, initiating stamen
primordia, July 20. 25 x.
FIG. 9. Detail of stamen primordium from Figure 8. 250 X.
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Leaf primordia are initiated by activity in the first layer of the corpus,
soon involving a zone of cells to a depth of three to four cells (Fig. 6). A
comparatively massive region is thus responsible for the enlargement of
the leaf primordium. The tunica of the primordium and young leaf retains
its identity as a single layer of cells (Fig. 7) .
The primordia of the perianth and the stamens arise in the same manner as leaf primordia, and enlarge by cell division in the corpus. The apex
remains dome-shaped during the initiation of the perianth and stamens,
and the tunica of the apex and of the primordia is maintained as one layer
of cells (Fig. 9).
Soon after the stamens have elongated above the level of the apex, a
change occurs in the shape and cellular organization of the apex. The
vertical sectional shape changes from semicircular to a nearly flat-topped,
square outline (Fig. 3). Whereas the tunica of the vegetative apex consists of one layer of cells, that of the floral apex becomes two-layered. Cell
division is strictly anticlinal in the outer layer, and predominantly so in
the second layer. The gradual shift from the one-layered to the twolayered condition becomes evident soon after the stamen primordia are
laid down. A change of organization at this period of floral development
was noted in Amygdalus by Brooks (3). The subsequent development of
the carpels has not been studied. The condition of the ovules in late summer and during dormancy has been described earlier in this paper.
The large cells and large, deeply stainable nuclei of the promeristem
of the tulip make this a favorable subject for the study of procambium
strands. In serial longitudinal sections, the prominent strands in the
second or third node can be traced upward until they become more obscure
in the zone of leaf initiation. Strands can be recognized in the youngest
distinguishable leaf primordium. The strands are usually oblique with
respect to the axis of the primordium, but serial reconstructions show that
the strand is continuous from the principal axis into the leaf initial. The
proc~bial cells are progressively shorter acropetally, until the strand can
be distinguished only by the tendency of the planes of division to be
anticlinal to the curve of the primordium (Fig. 6) . Strands have been
traced into the leaf primordium to the fourth layer of the corpus. There is
evidence of strand formation in close proximity to the zone of leaf initiation, before the potential leaf primordium protrudes perceptibly out of
the apical dome. This is similar to the condition described in Linum by
Esau (4). Whether the inception of a strand is the precursor or the consequence of leaf initiation is still an open question.
SUMMARY

A study was made of the seasonal sequence and histology of leaf and
flower initiation in the tulip.
Tulip bulbs of commercial size contain a well-developed flower bud
when the bulbs become available in the retail trade. In the seventeen
varieties examined, anthers contained rnicrospores, whereas megasporocytes had undergone little or no enlargement by November.
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Bulbs weighing as little as 5 g. may contain a flower bud, having, at
dormancy, the maximum structural development described above.
No partially developed flower buds were found during dormancy.
Bulbs either contain only leaves, or a flower bud as described above.
Under garden conditions in Iowa, early varieties initiate floral primordia between July 10 and 15, late varieties between July 15 and 20. All
varieties examined attain the same degree of structural development by
late autumn.
The vegetative promeristem has a tunica of one layer of cells. Leaf
primordia arise by accelerated cell division in the first layer of the corpus,
the activity soon extending to at least four layers of the corpus. Perianth
members and stamens arise in the same manner as foliage leaves.
After the initiation of stamens, a gradual transition occurs from a
one-layered to a two-layered tunica in the zone of carpel initiation.
Procambial cells can be recognized in the fourth layer of corpus cells
from the tip of the youngest primordium. There are indications of procambial initiation prior to the emergence of a leaf primordium.
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"Hardness" in sweet clover seeds, a condition that prevents the seeds
from imbibing water and germinating under favorable germinating conditions, is of much agronomic importance for which reason it has already
received considerable study. As a rule more than 90 per cent of the wellripened normal seeds are hard at the time of harvest. The abrasive and
other mutilating effects of the machinery in general .use in harvesting the
seeds reduce considerably the percentage of hardness, but generally the
reduction is not more than 30 or 40 per cent.
It is well known that hardness is due to the impermeability of the
seed coat. In natural seedings the seed coat requires the weathering of
one or more seasons to effect permeability, while in agronomic practice
permeability is induced by artificial scarification.
The seed coat (text figure 1) is rather complex, consisting of a number of structures, of which one or more may be the cause of hardness.
Hardness is quite generally ascribed to the outermost cell layer of the
seed coat, known as the malpighian or palisade layer. This layer consists
of several closely related structures which, beginning with the outermost,
are known .as the cuticle, cuticularized layer, domes, light line, and the
inner cell portions which contain the cell lumina and protoplasmic contents. These structures, especially the cuticle, cuticularized layer, domes,
and light line are distinguished under the microscope, chiefly by differences in refraction. Interior to the malpighian layer is the osteosclerid
layer, one cell in thickness with lateral walls irregularly thickened in
ridges, and contributing to the strength, rigidity and the insulating properties of the seed coat. The several layers of less modified cells which form
the inner portion of the seed coat function in the manufacture and storage
of food during the development of the seed, and add to the protective function of the seed coat in mature seeds (fig. 1).
Although investigators are almost unanimous in locating the cause of
hardness in the outer portion of the malpighian layer, there is still a
question as to the particular structures involved. Rees (7) and Harnly
(4) have implicated both the cuticularized layer and domes. They concluded that the domes are impermeable and are held together so tightly
at their bases by the cuticularized layer that they form a continuous impermeable layer. Coe and Martin (3) and Stevenson (9) attributed
hardness to the light line.
Hamly's (4) investigations led him to introduce an innovation into
the problem, namely, that hardness or softness depends upon whether or
[457)
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FIG. 1. A drawing, somewhat diagrammatic, of the structures of a sweet clover seed as
seen in a vertical section of the seed.

not the strophiole of the seed is closed or open to the entrance of water.
The strophiole, a small elongated depression surrounded by a raised
border, is a hilum structure with its location at the side opposite the
micropyle. This discovery Harnly made by immersing the seeds in a solution of osmic acid and observing the entrance of water as indicated by
the blackening of tissues invaded by the acid. Shortly after soft seeds
were immersed in the acid, their strophioles were observed to blacken,
and the blackening was soon followed by a swelling of the seeds. Hard
seeds, in contrast to soft seeds, showed no blackening of strophioles or
evidence of swelling after days of immersion in the acid. Scarifying and
impacting were reported to be effective in softening hard seeds insofar
as they opened the strophiole. This relation of strophiole to hardness,
Harnly observed in several leguminous species and thought it likely a
feature characteristic in general of hard leguminous seeds.
The .findings of more recent investigations as those by Bredeman (2) ,
Behrens (1), and Stevenson (9) are considerably at variance with those
of Harnly. Bredeman, after applying Hamly's method to a number of
leguminous seeds including those of alfalfa, hairy vetch, and red, white,
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and crimson clover, reported that many soft seeds did not blacken and
some hard seeds blackened at the strophiole. Behrens (1) reported similarly in regard to a number of leguminous seeds, including those of sweet
· clover, red clover, and alfalfa. Stevenson's (9) investigations of the
absorption of water by sweet clover seeds led him to conclude that water
absorption is not limited to any particular area in either naturally hard
and soft or artificially softened seeds. Kuhn (6) observed that in the
germination of lupine seeds, the first rift in the seed coat occurred at the
strophiole but not till after the seed had absorbed some water and had
begun to swell.
The endosperm of sweet clover and other leguminous seeds, although
regarded as absent or insignificant by the older botanists, may possibly
play a very important role in longevity and germination. Harz (5) describes the endosperm of Melilotus alba and M. officinalis as consisting of
an outer layer of gelatinous cells with thick walls and of one or more
gelatinous inner layers of thin-walled cells, which are omitted over the
radicle. He reported that the elements of the endosperm are chiefly those
of the gelatinous materials, no starch and very little protein being present.
Schulz (8) and Terras (10) held that the gelatinous endosperm in sweet
clover opens the seed coat and facilitates the liberation of the cotyledons
from the seed coat.
TIIE INVESTIGATION AS TO OBJECT, MATERIAL, AND METIIODS

The diversity of reports concerning the strophiole in relation to hardness in sweet clover seeds prompted this investigation. The investigations were confined to the biennial and annual varieties of white sweet
clover, and the biennial variety of the Yellow species.
The samples of seeds used represented various types of treatment;
they included samples of seeds freshly picked from plants and hulled by
hand, samples of seeds proven hard by germinating tests, samples of hard
seeds softened outdoors by weathering, samples of hard seeds scarified by
hand between sandpapers, and samples of seed scarified by commercial
scarifiers. The history of all samples was well known.
The information concerning the development and structure of the
strophiole and other seed structures related to hardness was obtained
from sections of seeds in various stages of development. The seeds were
the product of bagged and hand pollinated flowers. The seeds were collected at intervals of 2 days over a period of 20 days following pollination.
The killing and fixing by Bouin's or alcohol-formalin-acetic acid solutions
followed by the paraffin method of processing, gave good results. Various
stains as haematoxylin, safranin, and fast green, in the usual combinations, were satisfactory.
A 1 per cent aqueous solution of osmic acid into which the seeds were
immersed was used to locate on the seed coats the places of initial water
absorption. A blackening at the strophiole or any other region followed
by a swelling and spreading of the acid effects was regarded as decisive
evidence that water was entering at that place.
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3
2. Surface view of a hard seed (left) and soft seed (right) of sweet clover,
showing the strophiolar (S) and micropylar (M) areas of each and their difference
in reaction to osmic acid, the blackening at the strophiole being distinctive of the
soft seeds.
FIG. 3. Hard sweet clover seeds after being stored outdoors for three years. They
blackened at the strophiole and one or more other places when exposed to osmic
acid.
FIG.
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The blackening by osmic acid results fro~ the action of the acid
chiefly on the organic contents of the cells, and principally of the malpighian cells. The contents of the other seed coat layers and endosperm
usually darken more or less but not so strikingly as those of the malpighian layer. The initial blackening of the strophiole, which is a mere
black dot when first noticeable, most likely results from the reaction of
the acid in the vascular bundle entering the seed.
The structure and relational features of the endosperm were ascertained in part from the prepared slides of the processed seeds and in part
from a study of green mature seeds which were dissected into their components. Fully developed seeds still retaining their growth moisture content, are rather easily dissected without any material distortion of structures, if the manipulation is done under water where the seed coat,
endosperm, and embryo are easily disengaged. The turgid state of these
structures and the ease with which they can be oriented in water, greatly
facilitate the study of their structure and relationship.
TABLE 1
A SUMMARY OF THE REACTIONS OF THE SWEET CLOVER SEEDS OF THREE SEASONS TO A
1-PER CENT 0SMIC ACID SOLUTION

Percentage of Seeds Reacting to Osmic Acid After
48 Hours and Kind of Reaction
Position of Initial Blackening

The Separations
and
Their Treatment
Fresh hand-harvested seeds .. .

At
At Places
Only
Strophiole
Other
Than
at the
and
Strophiole Elsewhere Strophiole
PercentPercentPercentage
age
age

No
Blackening
Percentage

Swelling
in the
Acid
Percentage

6

2

91

9

Fresh hand-harvested seeds
after 2 months in the germinator .... ............... .
Hard seeds taken from germinator and rubbed between
sandpapers ... .... .. . .... .

4

0

0

96

4

42

28

16

14

86

Seeds not reacting to the acid,
scarified and returned to the
acid ....... .. .... ....... .

48

24

6

22

78

Hard seeds softened outdoors
by the weather ........... .

78

6

0

16

84

Hard seeds with strophiolar
area lightly rubbed with
sandpaper .... . .... . ... ., ..

83

17

83

Scarified seed from commercial seed houses .......... .

24

22

78

38

16
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RESULTS
STROPHIOLE IN RELATION TO WATER ABSORPTION

In every batch of sweet clover seeds, even in commercially cleaned
samples, there is a variable number of imperfect seeds, which chiefly for
lack of time to mature or through injuries in threshing, are not normal
in. behavior. They are prevailingly soft and generall.Y blacken in a few
minutes in osmic acid, the blackening beginning at various places on the
seed. By carefully assorting the seeds with the aid of a microscope, it was
possible to reduce the imperfect seeds in the separations investigated to
almost a negligible number.
The summarized data in Table 1 show conclusively that the strophiolar
region was the place of initial water absorption in practically all normally
developed fresh seeds. Almost 100 per cent of the hard sweet clover seeds
showed no reaction to the acid previous to softening treatments (fig. 2).
After hard seeds were softened by weathering or scarification, the first
evidence of water absorption was prevailingly at the strophiole. In many
of the hard seed separations that were stored outdoors until softened by
the weather, water absorption was limited 100 per cent to those seeds that
blackened at the strophiole, and likewise, to the same extent, the seeds
in the separation that remained hard showed an absence of blackening
at the strophiole and elsewhere. The strophiolar blackening, invariably
accompanied by swelling, spreads rapidly throughout the seed coat,
usually reaching all parts of the coat in a few minutes (fig. 2).
Hard seeds were easily softened by stroking their strophiolar areas
with sandpaper or similar abrasive material. Only light scarification of
the strophiolar region was required to open it to the entrance of water.
The obstruction to the entrance of water at the strophiole is evidently on
or very near the surface and of rather delicate thickness, features suggesting an abscission layer.
·
In case of soft seeds in storage, especially when stored under variable
Frc. 4. Showing various stages in the transformation of the outer integument into
the seed coat.
The illustrations a and b show the shape and other characters of the epidermal
cells (M) of the outer integument at the time of fertilization and a day or so
following. In b some secondary thickening (W) of the outer cell wall has occurred.
The illustrations c--o show the rapid elongation, multiplication, and thickening
of the outer walls of the epidermal cells. In c and d, stages about 72 hours after
pollination, the epidermal cells are noticeably elongated and outer walls considerably thickened. Stages e-h covering 4 to 10 days after pollination, show the epi-'
dermal cells decidedly elongated and the secondary thickening (W) of their outer
walls quite pronounced.
Stages i and i show the early development of the domes (D) and the initial
stages in the formation of the osteosclerids (0) from the subepidermal layer.
Stages~. which occur 14 to 20 days after pollination, show the domes (D),
light line (L), and cuticularized layer (W) as distinctive structures.
Stage o shows the mature stage of the malpighian and osteosclerid cells. The
primary cell wall (P), cuticularized layer (W), domes (D), light line (L), and
interior portions of the cells containing the protoplasm (I) are now well-defined
structures of the malpighian cells; and the osteosclerid cells (0), which are of the
two shapes represented, have their ridgelike thickenings that are characteristic
of mature seed coats.
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weather conditions similar to those outdoors, the seed coats rapidly deteriorate and open at various places to water absorption. This is true also
for hard seeds after they are softened by weathering or artificially. Small
samples of hard seeds, which were stored in an open garage, were 91
per cent soft after 1 year, and the osmic acid test showed that water
absorption was restricted in nearly all softened seeds to the strophiole.
After 3 years many of the seeds were dead, and the seed coats of the
majority were open to water absorption at various places other than the
strophiole (fig. 3).
STRUCTURAL DEVELOPMENT OF SEED COAT

During the early development of the seed the absorption of the
nucellus and inner integument is extended well back into the chalazal
end of the seed. The seed coat is a product of the outer integument with
the possible exception of the portion in the region of the hilum. At the
time of fertilization the outer integument consists of four to six layers
of cells throughout most of its extent. Its epidermal layer, consisting of
almost isodiametric cells at the time of fertilization (fig. 4, a and b) ,
becomes the malpighian layer, and the subepidermal layer becomes the
osteosclerid layer of the mature seed.
In the transformation of the outer integument into a seed coat, the
first perceptible modification is the radial elongation and rapid tangential
division of the epidermal cells. These changes become quite noticeable
as early as 72 hours after pollination, and continue until the cells are
greatly increased in number and elongated to a spindle shape (fig. 4,
a- m). These modifications of the epidermal as well as the modifications
of other cell layers of the outer integument begin at the micropylar and
chalazal ends of the seed from which they spread to the intervening portions of the respective layers.
Within the material of the rapidly thickening outer wall of the epidermal or malpighian cells, appear the cuticularized portion, domes, and
light line in succession. Approximately 8 days after pollination, two
parts are distinguishable-namely, the primary wall which has been
called cuticle and the much thicker portion within which is the product
of secondary thickening. About 5 days later the cuticularized layer and
domes appear, and about 9 days later the light line is recognizable.
When fully developed and dried down to the condition attained in
dry ripe seeds, the cuticularized layer, domes, and light line constitute a
barrier to water, interrupted only at the micropyle and the strophiole.
The micropyle, however, is very effectively closed in the sweet clover
seeds as shown by the fact that in all the tests on water absorpt.i on, no
seeds were observed to take water through the micropyle. In sectioning
processed seeds, the pressure of the knife often caused breaks in the malpighian layer at the micropyle (fig. 5) but sections with tissues intact
show the malpighian cells about the micropyle so closely united that the
malpighian structures are practically continuous.
The strophiole, when examined closely in sections of processed seeds,
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FIGS. 5-7. Figures 5 and 6 are radial sections through the hilum (H) portion of the
seed coat, showing the micropylar (M), ;md strophiolar (S) areas, the vascular isle
region (V), and the break in the light line at the strophiole by the vascular connections. The bretik in the light line at the strophiole is more pronounced in the
younger seed as shown in figure 6. Figure 7 shows the porous character of the
endosperm cell walls.
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proves to be the region of the seed coat traversed by the vascular connections between the seed and funiculus (figs. 5 and 6) . The vessels of
this vascular connection afford a passageway through which water can
traverse the malpighian layer, when their outer ends are open.
An understanding of the operation of the strophiole in relation to
water absorption must await a special study of the anatomy and physiology
of this structure. It is obvious that the role of the strophiole in hardness
of seeds should be recognized especially in connection with commercial
scarification where the severity of the process causes much injury and
considerable destruction of seeds, that could be avoided if scarification
were confined to the strophiole and to the intensity barely necessary to
effect softening.
ENDOSPERM

The endosperm in mature seeds completely jackets the embryo (fig.
9). It is prevailingly two-layered, but heavier over the tip of the radicle
where, as a conical projection, it fills the micropylar end of the seed
(fig. 8) . The cell walls of the endosperm, especially those of the much
thickened outer layer, are well provided with pores and traversed by
protoplasmic connections, structural features which permit easy and
rapid passage of water from place of entrance to all distal parts of the
endosperm (fig. 7) .
The contents of the endosperm cells are very largely gelatinous.
When water is available they imbibe and swell energetically, a physiological feature that also facilitates a rapid distribution of water throughout
the endosperm, and provides much, if not almost all, of the force that opens
the seed coat.
The endosperm, through its tenacious retention of water and, therefore , in functioning as a moist blanket about the embryo, no doubt has
much to do with preserving the longevity of the seed during its dormancy.
In the initial stage of germination, when water makes contact with the
interior of the seed through the strophiole or elsewhere, its inward fl.ow
as well as its distribution to distal parts of the seed, are greatlY accelerated
by the imbibing force of the endosperm. Some recent investigations show
that the initial stages in the germination of legume seeds is associated
with chemical changes, ana these may have to do chiefly with the endosperm. Certainly in sweet clover seeds the endosperm plays an important
role in the life of the seed.
'.,.
SUMMARY

The investigations of the germination of sweet clover seeds, including
both hard and soft seeds variously processed, showed quite conclusively
8 and 9. Figure 8, a portion of a vertical section of a sweet clover seed, showing
the malpighian (M), osteosclerid (0), and interior layers (I) of the seed coat;
and the endosperm (E) and its thickened projection over the radicle (R) of the
embryo.
Figure 9 shows the endosperm at the left from which the embryo at the right
has been removed through the rift seen in the endosperm.

FIGS.
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that the strophiole is the natural place of initial water absorption in the
germination of sweet clover seeds. Seeds naturally soft, or softened artificially or by weathering, blackened and began swelling first at the strophiole when they were immersed in an osmic acid solution. On the other
hand, hard seeds with practically no exceptions showed no blackening at
the strophiole until they were softened by weathering or artificially, and
then they behaved as seeds naturally soft, blackening and swelling at the
strophiole in the presence of osmic acid.
Samples of hard seeds scarified by hand not too harshly were softened
in proportion to the number of seeds which showed a blackening at the
strophiole. The effectiveness of the scarification lay, therefore, in making
the strophiole permeable to water.
Even light scarification with fine sandpaper, when directly applied to
the strophiolar area, sufficed to soften the hard seeds.
In samples of seeds which had been cleaned and scarified by commercial houses, nearly all soft seeds showed blackening and water absorption at the strophiole, although many of the soft seeds also blackened and
absorbed water at various other places where the seed coat had been
mutilated by the processing.
The coats of soft seeds stored outside were found to deteriorate rather
rapidly, many of them within 2 or 3 years, becoming permeable at one or
more places other than the strophiole.
The blackening of the micropyle occurred in some seeds, both hard
and soft, but no instance was observed in which water was absorbed
through the rnicropyle.
The cuticularized layer, domes, and light line, structures formed in
the secondary thickening of the outer cell walls of the malpighian layer
and considered the cause of hardness, constitute almost a continuous barrier to water absorption, being interrupted onl,y at the micropyle and
strophiole.
At the micropyle, the malpighian layer closes together so tightly that
the light line and associated structures are practically continuous across
the orifice and make it water tight.
.
The so-called strophiole of sweet clover seeds was found to be the
place;in th~ .hi1um where the vascular connection occurs between the seed
and the f.Uniculds. At this place the light line and associated structures
related to hardness are interrupted by the vascular elements, which afford
a passageway 'fPr water to reach the interior of the seed.
Th~ enqp.Sgerm, consisting mainly of two gelatinous layers, completely
envelcws ·th~ embryo, and owing to its water retention, is well adap.ted to
protect th.~ j:!mbryo against excessive loss of water and temperature fluctuations, ~its force of imbibition it greatly accelerates the flow of water
into the ~eed and to all distal parts. By its pressure, exerted in swelling,
it plays a .major role in opening the seed coat.
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The growing importance of Lygus species as pests of alfalfa and other
legume crops has prompted further studies of this genus. Six new species
and one variety are described in the present paper.
Lygus desertus new species
Allied to elisus Van D., but distinguished by the more elongate form,
more convex scutellum, shorter and finer pubescence, and by the slightly
shorter rostrum. Color pale yellowish, hemelytra subtranslucent, dark
specimens have outer margins of calli and two short rays behind each
callus black, but apical area of corium without well-defined fuscous spots
as found in elisus.
MALE. Length 5.8 mm., width 2.25 mm. Head: width 1.12 mm.,
vertex .45 mm.; yellowish, collum black, eyes brown, a small fuscous spot
on gena beneath eye. Rostrum, length 2.03 mm., reaching to middle of
hind coxae, yellowish, apical segment black. Antennae: segment I, length
.47 mm., yellowish, fuscous beneath; II, 1.50 mm., light brown, fuscous
on apex and more broadly at base; III, .78 mm., fuscous; IV, .56 mm.,
fuscous. Pronotum: length 1.28 mm., width at base 2.12 mm.; pale yellowish, a black spot or ray behind inner half of callus, also one behind outer
half and including the margin of callus, in darker specimens the black
color extends forward toward anterior angle as well as behind outer
margin of callus. Scutellum rather strongly convex, rather coarsely
transversely rugulose punctate, pale to yellow, middle of base invaded
by black color of mesonotum.
Hemelytra elongate, costal margins subparallel, pallid, subtranslucent, a bit of fuscous on middle of clavus but separated by claval vein;
in darkest specimens a bit of fuscous bordering radial vein on apical area
of corium but never with a well-defined large fuscous patch as in elisus
Van D. Cuneus pallid, narrow apex fuscous. Membrane clear, veins white,
a strong callosity bordering inner apical angle of cubitus. Dorsum bearing very fine short pubescence, much less conspicuous than in elisus.
Venter yellow to greenish, without dark marks. Pleura yellowish, sternum
fuscous. Legs pale to yellowish, femora with two subapical fuscous rings,
hind pair sometimes with fuscous shading on middle; hind tibiae with
mark on knee and oblique band just beneath, fuscous, spines black; tarsi
yellowish brown, apices and claws blackish. Genital claspers rather
similar to those of elisus and while small differences are apparent, we do
not find these structures very practical in sorting the species.
[471)
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FEMALE. Length 6.00 mm., width 2.7 mm.; more robust than the male
but very similar in color and pubescence. Head: width 1.21 mm. , vert~x
.52 mm. Rostrum, length 2.07 mm., just reaching to middle of hind coxae.
Antennae: segment I, length .47 mm.; II, 1.47 mm.; III, .78 mm.; IV, .52
mm. Pronotum: length 1.38 mm., width at base 2.38 mm. The black rays
on calli usually shorter than in male; pale specimens may have only one
black spot behind each callus, and in this case suggestive of elisus but the
corium will be clear of fuscous.
Mr. L. L. Stitt reports that in the field living specimens may be distinguished from elisus by their peculiar shining appearance. We believe
this aspect is due to the very fine short pubescence and the pallid translucent color.
HoLOTYPE: CJ April 10, 1942, Ajo, Arizona (Lloyd L. Stitt); author's
collection. Allotype: same data as the type. Paratypes: 1 CJ 7 9, taken
with the types on Sphaeralcea sp. ARIZONA-Arcadia: 9 Feb. 11, 1937
(L. L. Stitt). Aztec: CJ 9 March 19, 1941 (L. L. Stitt). Cave Creek:
4 CJ 2 9 April 19, 1936 (L. L. Stitt); reared from Astragalus diphysus.
Datelan: CJ 9 April 14, 1939 (L. L. Stitt), on Abronia Sp. Dome: 2 CJ 1 9
April 15, 1937 (L. L. Stitt), on Actinea odorata. Fresnal Village: CJ April
10, 1942 (L. L. Stitt). Laveen: 9 April 6, 1937 (L. L. Stitt) . Liberty:
9 April 26, 1937 (L. L. Stitt). Long Valley: CJ 9 August 22, 1940 (L. L.
Stitt). Phoenix: 5 9 March 17, 1939; 9 March 9, 2 CJ 1 9 May 1, 1942
(L. L. Stitt). Prescott: 2 CJ 1 9 May 28, 1939 (L. L. Stitt). Sacaton:
CJ May 6, 1931 (E. D. Ball). Tempe:
CJ Feb. 16, 1939, CJ 9 March 5,
1942 (L. L. Stitt). CALIFORNIA- CJ Aug. 24, 1935, 20 miles northwest
of Alturas (Joe Schuh). COLORADO-Gunnison: CJ 9 August 17,
1925 (H. H. Knight) on Chrysothamnus sp. IDAHO-Bruneau: 2 CJ 8 9
June 23, 1938 (H. M. Harris). Eureka: 2 CJ June 23, 1938 (H. M. Harris).
Hailey: CJ 9 June 25, 1938 (H. M. Harris). Hansen: CJ August 3, 1938
(H. M. Harris). Henry's Lake: CJ July 9, 9 July 12, alt. 5,000 ft. (R. E.
Miller). Hollister: CJ 3 9 August 4, 1938 (H. M. Harris). Lewiston:
CJ April 27, 1936 (R. E. Miller). Moscow: CJ April 14, 2 CJ April 18, 1933
(T. A. Brindley). Mountain Home: 20 CJ 9 June 23, 1938 (H. M. Harris),
on Chrysothamnus. Regina: 4 CJ 7 9 June 23, 1938 (H. M. Harris). St.
Anthony: 9 CJ 9 May 6, 19'33 (W. E. Shull) . NEVADA-Glendale: 2 CJ
1 9 Sept. 18, 1929 (David E. Fox) , on Chrysotliamnus paniculata. OREGON-Fort Klamath: CJ Aug. 11, CJ Aug. 31, 1930, alt. 4,200 ft. (H. A.
Scullen). Klamath Falls: !; 9 July 24, 1930 (59 miles east) (H. A.
Scullen) . Sisters: 8 CJ 9 Aug. 7, 1935, alt. 3,180 ft. (H. A. Scullen) , on
Chrysothamnus. UTAH-Emery County: CJ Aug. 10, 2 CJ Aug. 14, CJ
Aug. 20, 1921 (Grace 0. Wiley). Leeds: 2 CJ Oct. 12, 1932 (E.W. Davis).
Millard County: 2 CJ 19 May 29, 1940, White Valley (V. M. Tanner).
St. George: 2 9 June 10, 1928 (E. W. Davis). Vernal: CJ July 14, 1927
(G. F. Knowlton) . WYOMING-Farson: CJ 9 , Big Sandy Creek (V. M.
Tanner).
Lygus nigritus new species
Allied to columbiensis Kngt., but form more robust and rostrum
slightly longer; the black color is suggestive of oblineatus var. strigulatus
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Walker, but claw of right clasper is different and the frons does not show
the double vittate mark.
MALJ!:. Length 5.5 mm., width 2.5 mm. Head: width 1.10 mm., vertex
.43 mm.; chiefly black, frons and vertex yellowish, bordering inner margins of eyes and an inverted "V" on middle of frons, blackish, eyes dark
brown. Rostrum, length 2.38 mm., reaching upon fourth ventral segment,
brownish to black. Antennae: segment I, length .56 mm., black; II, 1.73
mm., black, paler specimens more brownish; III, .82 mm., black; IV, .57
mm., black; clothed with fine, suberect, yellowish pubescence. Pronotum:
length 1.21 mm., width at base 2.03 mm.; disk moderately convex, rather
coarsely punctate, black, shining, paler specimens show rays behind
calli; basal edge, median line, inner half of calli, before calli, collar, and
margins of propleura, pale to yellowish brown. Scutellum black, apex and
vittate mark each side at base, pale, in lighter specimens the pale marks
may join to form a "Y"; convex, coarsely rugose punctate on middle and
sides. Hemelytra black, subtranslucent on middle and on apex of clavus;
base and more or less on middle of apical half of corium, apex of clavus,
and cuneus except margins, pale yellowish and subtranslucent. Membrane pale, middle of apical half and apices of areoles shaded with fuscous.
Dorsum clothed with short recumbent, yellowish pubescence, these hairs
arising from distinct punctures.
Venter black, spots inclosing spiracles, and a broad lateral stripe on
each side, yellowish. Legs chiefly black, femora with a pair of subapical
annuli, more obscure on hind pair; tibiae pale to yellowish, blackish on
basal half but with an oblique white mark near base. Genital claspers
rather simila:r to columbiensis Kngt., but claw of right clasper extending
distally, then sloping downward at an oblique angle.
HoLOTYPE: 5 July 6, 1937, Dayton, Washington (R. E. Miller);
author's collection. Paratypes: 3 5 Sept. 7, 1942, Salinas, California (W. H.
Lange) , on Parthenium argentatum Gray.
Lygus varius new species
Allied to shulli Kngt., but second antenna} segment shorter, rostrum
slightly longer and dorsum more strongly pubescent; color yellowish
brown, strongly marked with fuscous and black.
MALE. Length 5.6 mm., width 2.8 mm. Head: width 1.17 mm., vertex
.51 mm.; yellowish and marked with black; bordering inner margin of
eye and projecting into vertex above, and an inverted V-shaped mark on
middle of frons, black; upper half of juga, upper and lower margins of
lora, gula, and apical half of tylus, black. Rostrum, length 2.6 mm., extending upon fourth ventral segment, brownish, apex black. Antennae:
segment I, length .52 mm., yellowish brown, fuscous on base; II, 1.56 mm.,
brownish, apical half and band at base black; III, .78 mm., blackish; IV,
.60 mm., blackish; clothed with fine pale pubescence. Pronotum: length
1.25 mm., width at base 2.16 mm.; disk moderately convex, lateral margins straight, anterior angles prominent, disk rather evenly but strongly
punctate, yellowish brown, calli except inner half, two vittae behind each
callus and one behind anterior angle and bordering lateral margin, black,
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inner pair of vittae usually short; collar and propleura pale yellowish,
two flaring rays across top of coxal cleft blackish. Scutellum moderately
convex, rather strongly transversely rugulose; yellowish, a triangular
black mark each side of median line, within each triangle a pale vitta
arising at base; mesoscutum black.
Hemelytra with lateral margins arcuate, closely punctate and pubescent; yellowish translucent, clavus and corium with streaks and spots of
fuscous; cuneus yellowish translucent, apex, outer edge and basal angle
blackish. Membrane fuscous, veins and basal area of areoles paler.
Venter blackish, genital segment more brownish, a series of yellowish spots
on lateral median line, spiracles surrounded by small pale spots. Right
genital clasper with a broadly curved claw on apex. Legs yellowish to
brownish and obscured by fuscous; tibiae yellowish, blackish at base but
broken by an oblique pale annulus; tarsi brownish, apical segment
blackish.
FEMALE. Length 5.3 mm., width 2.7 mm. Head: width 1.12 mm. ,
vertex .47 mm. Antennae: segment I, length .52 mm.; II, 1.47 mm.; III,
.78 mm.; IV, .60 mm . Pronotum: length 1.17 mm. , width at base 2.17 mm.
Very similar to the male in coloration but with black markings much reduced; the ground color more reddish brown than yellowish, the black
rays on pronotum nearly obsolete but markings on scutellum typical.
HoLOTYPE: 6 August 22, 1925, Pingree Park, Colorado (H. H.
Knight); author's collection. ALLOTYPE: <;? August 14, 1931, Mt. Rainier,
Washington (H. H. Knight). PARATYPES: 6, taken with holotype; <;?,
taken with allotype. ALBERTA- <i? Aug. 10, 4 6 Aug. 12, 1929, Banff
(Owen Bryant). 6 Aug. 6, 1921, Nordegg (J. McDunnough) . WYOMING- 6 Aug. 15, 1938, Centennial (E. Hixson) . 6 Aug. 8, 1935, Green
River Lake (H. Ruckes) .
Lygus fultoni new species
Allied to robustus Uhler., but differs in the larger size, paler color,
shorter second antenna! segment, lateral margins of pronotum more
acutely angled, frons and scutellum less convex.
MALE. Length 6.6 mm., width 2.9 mm. Head: width 1.21 mm., vertex
.48 mm. , yellowish , median line of frons and sutures about juga, reddish.
Rostrum, length 2.33 mm. , just reaching middle of hind coxae, yellowish
brown, apex black. Antennae: segment I , length .60 mm. , yellowish
brown, blackish beneath; II, 1.86 mm., black, brownish above on basal
half, yellowish pubescent; III, .91 mm., black; IV, .69 mm., black. Pronotum: length 1.43 mm. , width at base 2.51 mm.; evenly convex, distinctly
and evenly punctate, lateral margins nearly straight, angle with propleura
distinct; pallid to yellowish, calli brownish, a rounded spot behind inner
margin, a larger spot on outer margin and joining with spot near anterior
angles of disk, black; propleura pale to yellowish, a black ray behind top
of coxal cleft. Scutellum moderately convex, transversely rugose, pale
yellowish, median line with broad black wedge extending from base to
near middle of disk, bifid on apex, mesoscutum black.
Hemelytra somewhat elongate, costal margin slightly arcuate, pallid
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to yellowish translucent, clothed with very fine short pubescence; apical
area of corium with two fuscous patches, also two spots on apical margin
bordering membrane; cuneus evenly translucent, apex more yellowish but
not fuscous. Membrane pale, slightly infuscated on apical half and within
apex of areoles, veins yellowish. Venter and propleura yellowish, tinged
with reddish, mesosternum fuscous on middle. Legs yellowish, with indistinct subapical annuli; mark on base of tibiae and tips of tarsi fuscous.
Right genital clasper with broadly curved terminal claw.
FEMALE. Length 5.8 mm., width 2.9 mm. Head: width 1.30 mm., vertex
.52 mm. Antennae: segment I, length .60 mm.; II, 1.68 mm., black, more
brownish above; III, .91 mm.; IV, .69 mm. Pronotum: length 1.40 mm.,
width at base 2.42 mm. More robust than the male but very similar in
color and pubescence.
HoLOTYPE: 5 August 25, 1926, North Park, Colorado (B. B. Fulton);
author's collection. ALLOTYPE: same data as the type. PARATYPES: 2 5
taken with the types. IDAHO- ~ May 19, 1936, Lewiston, alt. 550 ft.
(T. A. Brindley).

Lygus brindleyi new species
Allied to hesperus Kngt., but differs in being nearly glabrous, scutellum more convex and with coarse punctures, second antenna! segment
shorter and somewhat thicker; color pallid to yellowish, second antenna!
segment, mesoscutum, and outer half of calli black.
MALE. Length 5.5 mm., width 2.7 mm. Head: width 1.14 mm., vertex
.45 mm.; uniformly pale yellowish without markings, collum black. Rostrum, length 2.47 mm., extending to fourth ventral segment, yellowish,
apical half brownish, apex black. Antennae: segment I, length .56 mm.,
brownish, black beneath; II, 1.83 mm., black; III, .91 mm., black; IV, .60
mm., black. Pronotum: length 1.34 mm., width at base 2.25 mm.; disk
evenly convex, coarsely, and rather closely punctate; lateral margins of
disk forming distinct angle with propleura; uniformly pale yellowish, calli
with small spot just behind inner half, outer third of callus and extending
forward to collar but not including anterior angle, shining black, also a
black spot just behind top of coxal cleft. Scutellum distinctly convex,
coarsely punctate, rugose, a bifid black triangle on middle of base; mesoscutum black.
Hemelytra· with costal margins slightly arcuate, shallowly punctate,
a very fine, short, pale pubescent hair arising from each puncture, but
the dorsal aspect giving a glabrous impression; uniformly pale yellowish, a translucent line along radial vein and a small fuscous mark bordering apical end of thiS; cuneus yellowish, opaque except for a translucent
line bordering lateral edge, and this appears to be an extension of costal
vein. Membrane pale fuscous, veins yellowish opaque, white on apex, a
small callus spot bordering apex of larger areole. Venter uniformly pale
yellowish, somewhat brownish on sides; pleura and sternum uniformly
yellowish. Legs yellowish, a pair of subapical fuscous bands on femora,
stronger on hind pair; tibiae yellowish, spines black, a black mark at base;
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tarsi fuscous, apex and claws black. Right genital clasper with terminal
claw broadly curved.
FEMALE. Length 5.4 mm., width 2.6 mm. Head: width 1.21 mm.,
vertex .49 mm. Antennae: segment I, length .52 mm.; II, 1.64 mm.; III,
.84 mm.; IV, .60 mm. Pronotum: length 1.30 mm., width at base 2.2 mm.
Very similar to the male in form and coloration, although the black
marks about the calli are obsolete.
HoLOTYPE: <! August 15, 1936, alt. 2,560 ft., Moscow, Idaho (T. A.
Brindley); author's collection. ALLOTYPE: same data as the type. PARATYPES: <! ~ taken with the types. ~ July 12, 1936, alt. 7,000 ft., Henry's
Lake, Idaho (R. E. Miller). WASHINGTON- <! Sept. 3, 1931, Tampico
(A. R. Rolfs). ~ Sept. 15, 1938, Wenatchee (John Standish).
Lygus oregonae new species
Allied to bradleyi Kngt., about the same size and color, but distinguished by the longer rostrum which extends beyond posterior coxae.
MALE: Length 5.5 mm., width 2.7 mm. Head: width 1.08 mm., vertex
.476 mm.; yellowish, an inverted "V" on frons and connected with a small
triangle on middle of vertex, a vertical mark above base of antenna, mark
across middle of juga, upper margin of lora, upper margin of buccula, gula,
apex, and mark on middle of tylus, black; frons striate, pale pubescent.
Rostrum, length 2.65 mm., extending upon fourth ventral segment, yellowish brown, apical half blackish. Antennae: segment I, length .39 mm.,
brown, blackish beneath; II, 1.21 mm., yellowis~, base and apical onefourth blackish, finely pale pubescent; III, .52 mm., blackish; IV, .39 mm.,
blackish. Pronotum: length 1.17 mm., width at base 2.25 mm.; disk more
convex than in bradleyi; distinctly and rather closely punctate, with short
pale pubescence; yellowish brown, nearly orange on anterior margin and
collar, spots on inner and outer margins of calli, a pair of rays behind
each callus, bordering lateral margin and a distinct spot on basal angle
of disk, black; propleura pale to yellowish, a blackish triangle on central
area; mesoscutum covered, scuttellum black, having a Y-shaped pale area.
Hemelytra with costal margins slightly arcuate on distal half, closely punctate, pale pubescent; pale translucent, mottled with fuscous patches much
as in bradleyi, but a stronger mark on apex of corium; cuneus pale translucent, narrow edge and apex darkened. Membrane pale, apical half and
apex of areoles infuscated. Venter yellowish, ventral half dark fuscous;
right genital clasper nearly quadrate, apical claw strongly decurved.
Pleura yellowish, sternum black. Legs pale yellowish and marked with
black, femora broadly on middle and two subapical annuli blackish;
tibiae pallid, spines dark brown, spot on base and oblique annulus just
below, blackish; tarsi brownish.
FEMALE. Length 5.3 mm., width 2.34 mm. Head: width 1.05 mm., vertex .476 mm. Antennae: segment I, length .39 mm.; II, 1.17 mm.; III, .56
mm.; IV, .47 mm. Pronotum: length 1.10 mm., width at base 2.12 mm.
Very similar to the male in color and pubescence.
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HoLOTYPE: o August 18, 1929, Waldport, Oregon (J. E. Davis);
author's collection. ALLOTYPE: same data as the type.
Lygus ceanothi rufus new variety
Apparently not differing structurally from ceanothi Kngt., but the
distinctly reddish color gives an aspect quite different from the typical
species.
MALE. Length 6.3 mm., width 2.9 mm. Head: width 1.17 mm., vertex
.43 mm. Rostrum, length 2.94 mm., reaching to base of fifth ventral seg~
ment. Antennae: segment I, length .65 mm.; II, 2.1 mm.; III, .95 mm.;
IV, .73 mm.; reddish, last two segments fuscous. Pronotum: length 1.3
mm., width at base 2.33 mm.; reddish brown, a small spot behind each
callus, and a large rounded spot on basal angles of disk, black. Mesoscutum black, scutellum red, a Y-shaped yellowish mark evident. Hemelytra subtranslucent, reddish, deeper red on embolium and margins of
cuneus, veins red. Legs brown to reddish.
FEMALE. Length 6 mm., width 3 mm. Head: width 1.21 mm., vertex
.47 mm. Antennae: segment I, length .60 mm.; II, 1.9 mm.; III, .95 mm.;
IV, .65 mm. Pronotum: length 1.4 mm., width at base 2.4 mm. Very similar to the male in coloration.
HoLOTYPE: o June 21, 1932, Tieton Canyon, Washington (A. R.
Rolfs); author's collection. ALLOTYPE: same data as the type. PARATYPES:
7 o ~ , taken with the types on Ceanothis sanguineus. 12 o ~ July 4, 1932,
Signal Park, Wash. (A. R. Rolfs). o July 15, 1932, Mt. Adams, Wash.
(A. R. Rolfs).

*

*

*

Lygus ceanothi deleticus Knight.
Iowa State Col. Jour. Sci., xv, 1941, p. 270.
In the original publication a printer's error occurs as this varietal ·
name was spelled "delecticus"; obviously a spelling never intended by
the author.
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